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OR, Adams 83. 67. 6 
Dyalling | 
BEING Pp 7 
The Second Book of the Uſe of the / |} 
Lrianguler-42uadzanf, | 
Shewing the Natural, Arrificial, and Inftru- | 
- mental way, of making of Su»-Dzal:, on | | 
any flar Superficies : W:th plain and cafie 
Dire&tions, to diſcover rheir Nature and | 
- AﬀeCtions, by the Horizontal Projeftion, 
With the way of Drawing the uſual Orna- 
ments on any Plain : Alſo, a familiar eafie 


way to draw thoſe Lines on the Ceiling of} 
a Room, by rhe Trianguler Quadrant. 


Alfo, the Uſe of the ſame Inſtrument in 
NAVIGATION; 
Both for 06/ervation, and Operation, 


Performing the uſe of ſeveral Sea-Inſtruments 
fill 1n uſe, 


By Jobn Brown, Philomath.. 


<2 


London, Priured by Fohn Darby, for Fohn Wing- 


*[- field, and are ro be {old ar hs houſe in Crurched- 


Fryers ; and by Fohn Brown.at rhe Sphear and. 


Dn i ee et re tn 


Sun-Dial in the Minories z ' and by Zebn <a | 


at-the Hermitage-ftairs 1n Wap pings-16 - 4, 
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To the Courteous Reader? 


Hou haſt here preſented to thy view 
(Courteons Reader) in this ſecond 
Part, a plain diſcourſe of Dialling, both 
Natural, Artificial, & Inſtrumental. 
Natural / call :t,f,om the plam illuſtra- 
tion thereof, by the Armilary Sphear of 
Braſs berein deſcribed, or by the Poor- 
man's Dial-Sphear, as 1 fancy to call 
:t,being only a moving Horizontal-Dial, 
and a moving Plain,according to the Fi- 
Zure thereof inthe Book annexed, wheres 
by all the Arks, Angles ,Scituations and 
Aﬀettions, are very plainly repreſented 
to an ordinary capacity. Artificial Z/ 
call it, from the liuely delineation of the 
Horizontal-projection,the fitteſt 1n my 
opinion for the making plain the myſtery 
of Dialling, Inſtrumental 7 call ze, 
from the applying of the Trianguler- 
uadrant, to the ready reſolving all the 
Arithmetical and Aſtronomical work, 
2 needs 


needful thereunto 3 and that to competent 


exattineſs, as inthe firſt Part,and alſo in \ 


this. ſecond Part - #5 ſufficiently ſeen, in 
finding the requiſates and delineating the 
hor-lines to ſmall-parts,,exattly 6 ſpee- 
aily-by the natural Sines, Tangents and 
Secants on-the Setor and Quadrant. 


- Alſo,the ready way of finding the Suns ) 


Alntude, Hour, Azimuth, Angle of the 


Plain, and anyſuch buſmeſs relating to 


Dyalling, as m the firſt. Part 15 largely 
treated on; oO 

Further, in this fecond Part you have 
Tables ef the Suns Declimation to every 
day of the years,1,2,6 3, after the Biſ- 
ſextile, as near as any extent. Alſo, a 


ſhort, but plain-direttion, how to uſe the 


Trianguler-Quadrant, at any manner 


of - way of Obſervation uſed at Sea; as © 


backward or formard, as the Davis- 
Quadrant, and the Croſs-ſtaff rs uſed 3 
alſo, as Gunter's Bow zs uſed both for 
the Sun or Stars. 
Alſo, how it uſed, as a Cinical, or 
Traverſe Quadrant, with the manner of 
"Wo working 


To the Courteous. Reaaer. . \ 
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| nary-frattion, and are agreeable to thoſe 


- Tables in Mr, W indgates Book of 4- 


\ To the Courteous Reader. 
working the ſix uſual Problems cf plain 
Sailing by the Natrral and Artificial 
Line of Sines, Tangents, and equal 
Parts and Numbers 5 and plainly and , 
conventently to apply 1t, to the refolumg 
that hard Queſtion, of Sayling by the 
Arch of a great (ircle, to fhew plainly 


| the Longituaes and Latitudes alteration 


the whole Courſe or Voyage. 

The Prints of the Lines of Numbers, 
as you ſee here inſerted,are in part accor- 
-aing to Mr. Windgates, as to ſingle 
and broken line of Numbers : But the ad- 
ation of the line of the Frattional parts 
of a pound, and the ſeveral Gaze-points, 
were never hefore uſed as I know of 5 but 
ao much eaſe 6 expedite the Operations 
by the Line of Numbers,Sines and Þ an- 
gents, Alſo, theſe Scales of Reduction 
are conventent for the finding the Dect- 
mal-frattion, equal to the other Serxage- 


rithmetick , Pag. 82, 
Alſo nete, that the figure of the Rule 
£ 


3 a; 
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To the Courteous Reader. 
at the beginning of the Beok, paſted on a 
Board,zs the very ſame with that ſpoken 
of Chap.XV. Uſe 28. pag. 397, of the 
firſt Part, and will work all Queſttons 
wrought by the Trianguler-Quadrant, 


to exerciſe them that are out of the way , 


to have them made, and may ſerve as 
ood directions to the young Inftrument- 
Maker, though theſe are made too too 
ſmall a Radius to arrive at exattneſs. 
The like may I ſay of the Gunters- 


Lines in the Figures annexed, yet as 


large as the Book will bear. 


Thus I have given you a brief account of 
my preſent Thoughts about this matter, and 
ſomewhat more particularly in the Firſt Part, 
diſclaiming all boaſting or vain oftentation, 
knowing that at the next [mproſſion it may be 
amended in many places; I (hall reſt and re- 
main, ready to make amends in the making of 
theſe, or any other Mathematical Inſtru- 
ments, at my Honſe at the Sphear and Sun- 
Daal zz the Great Minories, 


John Browne, 
Februar) 16, 7 
I670, 
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CHAP, I. 


The uſe of the Trianguler Quadrant, 
IN 


Making of DIALS. 


UVn-Dials may be made on any Pin 
and all kind of Plains are either Flat, 
as Horizontal ; or Upright,or Lean- 
ng. 

The Horizontal hath two faces, the one 
beholding the Zenith, called the Horizontal- 


Plain ; the other, beholding the Nadir, as 


the Ceiling of a Room is, | 


TheApright Plains, are thoſe that make 
right Angles with the Horizon, and do be- 
hold neither the Zenith or Nadir, bur are 
parallel co chem. w "* 

The Leaning Plains are of two forts ge- 
nerally ; the one called Recliners, behold- 
ing the Zenith 5 the other ſort called In- 
A 4 | cliners, 
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cliners, beholding che Nadir, as the out- 
ſide, and-in-fide of a Roof of a Houſe, may 
repreſent. 

The two laſt forts, wiz.. Upright and 
Leaning,. may teDurect,or Declining, VIZs 
beholding che South, or Norch, or Eaſt, or 
Weſt Point of the Harizon 3 or Declining 
theretrom, wiz; Declining from South, or 
North, toward the Eaft or Weſt, . 

All which Plains, arc lively repreſented 
by a Sphear, made for that purpoſe, in Braſs 
or Paſteboard,. or by the Projection of the 
Sphear in Plano, Thus | 

Equal co the Radius 'of the ſmaller Tan- 
gents, deſcribe.the Curcle E S W N., repre- 
ſen:ing the Horizon, crofling it preciſely in 
the the Center Z, with the Lines SN and 


E W, denoting the Points of South and - 


North, Eaſt and Weſt,, 

* Thencounting the {maller Tangent on the 
Sector-fide doubly, as thws, calling 5, 10; 
& 10, 20; & 20,40; & 30, 60; & 40, 
80 ; & 45,99; &c. Lay off fromZ, to- 
wards S, the complement of the Suns Me- 
ridian Alcitude, in &, in V, 'and w; for 
thoſe Poiuts on the Mcridian-line, berween 
Zand Sz and conlequently the half Tan- 
gent of the complement of the Suns Meri- 
dan Altirude in every degree of Declinati- 
on, (it you proceed ſfofar), 


Then 


kd wo wt © © My hay 


, 
\ 


TH 

Then for the Interſe&tions of all thoſe 
Lines and Parallels of Declination on the 
Norrch-fide of the Meridian, Obſerve, That 
the ſame number of degrees and minuts, that 
any Point is above the Horizon on the South 
part of the Meridian in Summer, juſt ſo 
manv degrees and minuts 3s his oppoſite 
Parallel in Winter below the Horizon, 

| As thm for Example, 

The Sun being in 5, or 23 deg. 31 min. 
of Declination North, hath for his Meridian 
Altitude '62 degrees, and ſo many degrees 
is his oppoſite Parallel of 23-31, or v, be- 
low the North part of the Horizon, at mid- 
nght. As thus; 

Let the Center, at the beginning of the 
Line of Tangents, repreſent the Center Z ; 


| and let the Tangent of 45, repreſent the Ho- 


r1zon in the Scheam, viz, S. and N, 
>. Then, 
As the diſtance trom S, to wp, 1s 15 deg. 
taken from 45 toward o, and.laid from 
S. to w inwards toward the Center Z, 
as the diſtance was taken from the 
Tangent of 45, toward the'beginning 
of the Line cf Tangents, that repre- 
ſents the Center 
- So the Point Cancer from N. is 15 deg- 
counted beyond 45, toward-the end, 
below or beyond the Hoxizont: 


[20] 


Again, 
ASS. is 62 degrees from 45 towards 
005 

So is the other Point 62 degrees below N, 
taken from 45, viz. at 76 degrecs z 
which being laid ſrom N, doth over- 
reach this little page. 

So that to draw the Tropick of w, the 
Point 9 being his oppoſite, is 28 degrees 
from Z, or 62 deg, fromS ; and the other 
Point of yy, on the North part of the Meri- 
dian,is 62 degrees,counting trom 45 doubly 
alſos or 28 degices from 90, the ſuppoſed 
end of the Tangent, which 1s naturally in- 
finitc, being the Tangent of 76 degrees, or 
the Semi-tangent of x52, reading the Tan- 
gents doubly from the Center z which di- 
ſtance from the Center, to the Tangent of 
76; or as halt-tangents, x52, laid from Z, 
gives the Point yp on the North-part of the 
Meridian, below the Horizon 5 the midſt 
between which two Points of w on the 
South and Norch parc of the Meridian, 1s 
the Center to draw the Tropick of Capri- 
corn. | 

Again, to illuſtrate this difficulty,to draw 
the Tropick of Cancer, the Suns Meridian- 
Alricude in wv, his oppoſite fign is 15 degrees 
above the Horizon on the Souch parc of the 

: OG Meridian, 


II 
Meridian, and 15 degrees below the Hori. 
zon, on the North-part of the: Meridian, 
212, the Extent from the Center to the Tan- 
gent of 52 deg, 3o min.,' or the Semi-tan- 
gent of x05, reading it doubly ; being laid 
from Z, gives the Point & below the Hori. 
zon ; the middle berween which two Points 
is the Center to draw the Tropick of Cay- 
cer. 
Again, for the EquinoCal or Parallcl of 
V3 the Meridian Altitude in V, 1s. 38-28 ; 
and the Meridian Altitude likewiſe in -, 
his oppoſite Parallel is 38-28 alſo; fo that 
if you count 38-28 doubly beyond 45, 
which will be at the Tangent of 64 degrees 
and 14 minuts, and take from thence to the 
Center; this diſtance laid from Z, ſhall 
give the Point X below the Horizon, and the 
the middle between the two Points &, is 
the Center to draw the Aquinoctal, 

Then for the Hour-Lines 3 firſt, ſet off 


the Semi-tangent of. 38-28 ftromZ toP; . 


and the Secant of 38-28 to the ſame Radi- 
us from Zto L, and draw the Line L 45 
paralielroEW ; then makeP L a Tangent 
of 45 degrees, and lay oft the Tangents of 
15-30, and 45, from L both-wayes, as you 
ſee in the Figure. 

eAlſo, As the Sector ſtands, take out the 
= Tangents of 60 and 7y ſeverally, and 
turn 
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turn them four times from L both-wayes, 
and note thoſe Points with 6,7,8, 9, 10, 
IL, 

Laſtly, Set one Point of the Compaſſes in 
L, and open the other co P, :and draw the 
Line WP E for the hour of 6, 

Agarn, 
Set one Point in 7-15 degrees from L, 
% and open the other to P,and draw the Hour- 
|| [_- line5 PF 5 Setthe ſame Extent alſo in 7, or 
th 5, on the other ſide of L, and draw the 
þ Hour-line 7 P 7, a the Figure ſheweth, 
Tilt Bay 
4 | Ser one Point of the Compaſſes in 8, 30 
degrees from L, and open the other Pome 
| to P, and draw the Hour-line 8P 8, and 
| remove ir to the cther fide of I, and draw 
| | the Hour-line 4P 4 : And fo for all the reſt 


10 order. 


Thu having drawn the Figures ; todraw 
Lines therein, which ſhall truly repre-= 
ſent any Plain whatſoever , obſerve the 


following Rules, 


1. The Horizonutal-Plain,-is repreſented 
by the Circle E.S.W.N. | 

2. A direft South or Nirth-Diall, is re- 
preſented by the Line E,Z,W. = 

3» A South or a North declining-Plarn, is 


Fepic- 
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[ x3 | 
repreſented by the Right-line 60 Z, 60,whoſe 
Poles are at Cand D, declining 30 degrees 
from S, or N. toward E. or W, 

4. An Eaſt or Weſt Plain, is repreſented 
by che Meridian-line of 12, wviz.. S. & N. 

5. A Polar Plan, is repreſented by the 
hour of 6, viz; the Line E.P.W. 

6. An Equinoftial Plain, + is repreſented 
by the EquinoRtial-line E.A.W. 

7. Any Dire& Reclining, or Inclining- 
Plain, between the two laſt, 1s called, 4 di- 
relt Recliner, whole Poles are alwayes in the 
Meridian, and are repreſented by any Re- 
clining Circle, as the two Circles W. 5. E, 


and E. © .W. do ſhew. 


8, An Eaſt or Weſt Recliner or Incliner, 
repreſented by the Circle N.F.S. 


9. A Declining and Reclining, or Incls- 


ning Polar. Plain; that is, it ſo Declines and 


Reclines, or Inclines, as to lie parallel to the 
Pole, as the Circle 8 P 8 doth repreſent, _ 

10, A Declining Reclining-Pluun , that 
ſo Declines and Reclines, as not to fall in the 
Pole or Equinoctial, as generally they will 
do, as the Circle 60 G 60 doth repreſent, 
which Declines from the South-eaſtwards, 
and Reclines 62 deg. which kind of Plains 
are various and infinite, yer confined to fix 
varieues, as afterward, 


Now 


” 
Fi 6 
29 
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Now, the way of Drawing theſe Scheams, 
to repreſent theſe varieties, 3 briefly 
thus, by the Settor. 


+ Firſt,to the Radius of the ſmall Tangents, 


draw the Circle N, E, S. W. obſerving this 
Method, if it be a South Recliner, to ſet the 
lecter N above, and E on the right hand ; 
and contrarily, in North Recliners ; for we 
meddle not with Incliners ill afterwards, 
(and alwayes obſerve, that a South Incliner 
is the ſame with a North Recliner, and the 
contrary ) then crols that Circle with two 
Diameters, preciſely in the Center, as the 
Letrers ſhew ; then according to your Plains 
Declination from North or South, roward 
either Eaſt or Weſt, ſer off the Declinati= 
on with a Lineof Chords or Sines, as before 
is ſhewed ; and draw that Line for the Per- 
pendiculer Line of the Plain, and laying the 
ſame diſtance as much trom E. and W. 
draw another Line Perpendiculer to the 
former, repreſenting the Plain ; then, on 
the firſt Line, iz. the Plains Perpendicu- 
ler, lay off from Z, the half Tangent of the | 
Plains Reclination from Z to E, and the half * 
Tangent of the complement thereof from þ 
Z to Q the contrary way z and the whole 7 
Tangenr of the complement thereof from Z, # 
coutrary to E, on the ſame Line, ng 6 
> or 


mi, 


fly 


nts, 
this 
t the 
nd ; 
r we 
rds, 
liner 
I the 
two 
s the 


lains' & © 


vard 
nat1- 
fore 
 Per- 
g the 
Id W. 


» the | 


1, oft 


k 
for a-Center, to draw the Reclining Circle 
that repreſents the Plain, 

Laſtly, You muſt draw a Circle through 
Q and P, (P being alwayes the Semi- 
tangent of the complement of the Latitude 
laid alwayes from Z coward N for the North 
Pole) fo as to cut the Primitive Circle N.E, 
S.W, into two equal parts, as is ſhewed in 
the xoth Propoſition of the third Chapter ; 
part of which Line, doth repreſent the Stile- 
Line of the Dial z which laſt work ſhall be 
again ſhewed in the Example. 


Example, 

Todraw the Scheam for a Plain, Decli- 
mng from the South to the Weſt 35 de- 
grees 3 and Reclining 20 degrees, far 
the Latitude of 5 1-30. 


Firſt, to che Radius of your ſmall Line of 
Tangents, being the Latteral diſtance from 
the Center to 45, ( or larger if you pleaſe } 


* draw the Circle N.E.S.W. repreſenting the 
dicu- | 
of the 
e halt Þ 
from | 
whole * 
omL, #® 
ended } 


for | 


Horizon, croffing it in the Center with the 
Lines N.$.8 W.E. for the North and South, 
and Eaſt and Weſt Lines, 
T hey, 
Take out the latreral Tangent of half the 
Fatitude, viz. 19-15, for 38-30, calling the 
Tangent of x0, the halt Tangent of 20 5 


ang. 


FN 


\& 
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and lay it from Z at the Center, to Þ for the 


Polepoint. Y 
Then conſider the Declination of your 
Plain, and which way, as here 35 deg, -of 
from the South towards the Weſt ; take our 
the Chord of 35 deg. and lay,it from Sto C, 
and from W to A, and from N to D, and 
from E to B, tor the more exact drawing of 
the Lines A B, CD ; the Lines CD repre- 
ſenting the Poles of the Plain, and the Line 
A B theDeclining Plain it felf; then from 
Z towards D,. lay oft the Tangent of 10 deg, 
( being the half Tangent of 20 degrees,the 

given Declination) to E. 
 Alſe, Take out the Secant of 70 degrees, 
the complement of 20, to: the lame "am ; 
and that laid-from the Point E on the Line 
D C produced, ſhall be the Center to Yraw 
the Circle AFEB, that repreſents the De- 
clining, Reclining Plain, that declines 35 
degrees, and reclines 20 degrees. Alſo, Lay 
oft half :the Tangent of the complement of 


the Reclination,. viz. 35 degrees ( tor the 


—— —— 


Reclination is 20, the complement whereof #! 


35-70, and the half of 70 1s 35) trom Z 
ro Q. 
\Then to draw the Line Q Þ, do thus ; 


Obferve how many degrees you count trom .k 


Z to thePoint E, counting from the Center, 


count {o many. 1g the manner of halt Tan- | 


gents 


lol 


. | 
gents from-45; and the latreral diſtance froni 
thence to the Center, . laid from the Center 
Z, on the Line C D, gives a third Point, viz. 
the Point T 3 which three Points, QPI, 
broughc into a Circle, will cut the Circle 
N.E.S,W. into two qual parts, 
Or thus ; 

The Semi-tangent' of the complement of 
the Reclination to x 80 degrees, laid from Z 
on the Line CD, will find che Poinc 1. 

As thus ; 

The Reclination is 20, the complement 
70, being taken from 180 reſts x 10, whoſe 
halt 1s 55, the Tangent of Z I, 


Or more briefly thus ; 

Set one Point of the Compaſſes in the 
ſmall Tangent of 45, and count the Recli- 
nation from thence in the way of Semi-tan* 
gents, both wayes, both 'above and under 
453 and lay one, vizthat under 45, from 
CtoQ; andthe other, wiz. that above 45 
trom'DrcoI; then/on the middle Point, 


between Qand L, laſt found, raiſe a Per 


pendiculer.to CD and in that Line wall be. 
the Center todraw I PQ., | 
| Alſo, - 

If you counc 5x-32, the latitude on the 
Line of Tangents from 45 forwards (a9 
Semi-tangents ) and lay ir on the Meridian- 

B Lins 


[39] 


Sho bo befdapoceneas 
dvd 2h CHAP., LL. 
To. Draw the: Hour-Lines on all 

' Ordinary 'Dials ; the eaſieſt 
mn tbe firſt place. 


1. And firſt for the firſt Equinoflial- 
1% DIAL. 


" A N Equinotiial Plain, as before is ſhew- 
; A ed, 1s.that whoſe plain or flat Super- 
Aicies lieth parallel. ro the EquinotQtial, and 
Is repreſenred by the Line W. A E in the ge- 
neral Scheam, and therefore needs no other 
Schean to repreſent it. - In which Djal all 
the Rgur-lines are equal one to the other, 
| being Jul 15 degrees aſlunder z .ſo that to 
.} fdraw.,theHow-lings here, deſcribe a Circle 
? fas the Circle 12. 6, 12.46. and fic the Radj- 


jus inthe Sine of.. 30 degrees (or the Chord 
of 60), and take out the parallel Sine of 
+ 7 degrees 30 minuts, the half of 15 degrees, 
—-* and 


0 - = 


{ 20 ] 
and number it from 12 round about, and 
chat ſhall divide the whole Circle into 24 
equal parts, for the 24 hours, for the true 
Hoe ham on the EquinoCtial-plain, and is 
che ſame im all latitudes; only in the ſetting 
of ir, the Poles of it are to be ſet due North 
and Sourh; the Horizontal-line on the 
Plain, lying Parallel to che Eaſt and Welſt- 
points of the Horizon, and the Stile there- 
of, only a Wyre or ſharp Edge ſanding 
perpendiculerly. on the Center ; which be- 
ng ſo ſet, muſt point directly to the North 
(and South) Poles of the World. There- 
clining Diats-Stile pointing . to the North- 
Pole, and che wwclining Dials-Sctile pointing 
to the South Pole; then 1s the Dial truly 
placed. 
To ſet a Plain (or to try whather a Plain 
be ſet ) Polar, or Parallel tothe Equi- 
xottial, do this; 


Set the T1 "aur ane Onadrant together, 


(by putting the Tennons of the Looſe-piece 


into the Mortiſe: holes ) and on the Center 
hang a Thred and Plummet, and-apply the 


Moveable-leg co the Meridian-line on the 


Plain ( which on all dire Plains is the ſame 
with the Perpendiculer as here ) witch che 
Head-cnd uppermoſt ; then it the you 
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falls right on the complement of the latitude” 
the Plain lies parallel to the Equinottial, or 
clle nor, 

Bur to ory the Inclining Plary, apply the 
Looie-piece to the Plain with the Head-end 
downwards z or elſe apply .the Head-leg to 
the Plain with the Head-end downwards, 
and the Thred ſhall cut on 38-30 in Lox- 
don latitude, if the Plain be ſer parallel to 
the EquinoGtial, 


2. Todraw a Dire Polar Dial. 


The nexr Dial, ſhall be a Dir Polar- 
Dial, which is repreſented in the general 
Scheam by che Hour-line of 6, v:z,, the Line 
EP W ; And here alſo the Horizoncal-line 
on the Plain, is parallel ro che Eaſt & Welt- 
points of the Horizon ; and the Pole ( or 
Point oppoſite to the Plain ) is in the Equi- 
noctial-point. 

The Hour-lines, in this Plain, are all pa- 
rallels, becauſe che Axis, or Stilc-line, in all 
Plains, is parallel co the Poles of the World ; 
and this Plain it ſelf, being ſo parallel, the 


Stile or Axis therein makes no Angle; there- 
fore the Hourelines muſt needs be parallels 
7 . alſo. 
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Axdthe way of drawing thoſe Honr- 


Lies, PF) thus 5 


Firſt draw the Perpendiculer-line'on the 
Plain, which is done chus by the Triangu- 
ler- Quadrant; Hang a Plummer and Thred 
on the Center, and ipply the Moveable-leg 
ro the Pjain, co ad ito, ll che Thred talls 
neatly on 60[o, and draw that Line along 
by the Moveable-leg, wluch ſhall be a crue 
Horizontal-line on any reclining Plain 3 
and a Perpendiculer-line thereunto, 15 the 
opadicks Line on the Plain, 

; Or zl/e 

When the Sun ſhinech ( the Sun begins 
in the Pole of the Main) hold up a Thred 
and Plummet, rill the ſhadow of the Thred 
fall on the Plain, making rwo Points in that 
ſhadow ' ar the remorteſt diſtance aſunder z 
then a Line drawn through thoſe rwo points 
{hall be a truc Perpendiculer-line, (this ſhall 
nced no more Repetition). | 

This 15 general for Kpright Plains, but for 
Recliners, the Sun muſt be in the Pole of 
the Platnzthen che ſhadow of thePlamb-lire 
15 th*Perpendiculer, This Perpendiculer-line 
in theſe Plains, oughc to be juſt in the midſt 
thereof, being the Hour-line for 12 ; draw 
alſ>, at any convyenicnr diſtance, two Hori- 
- zontal. 
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HEEL 
zontal-lines,. Perpendiculer to the hour x2 5 
then conhider what Houars ſhail ve che firſt 
and laft hour, which in no laticude cat) well 
be more than 10 hours, 12. trom 5 inthe 
morning t || z ar night, viz. 5 hours on a 
fide ; cher take the meaitire = the Piain, 
from 121nthe Horm ontai-line, to the place 
thac you miend tor 7 or 5, and mike it a 
= Tangent of 75 :' hen is the Sector ſer 
to a fit Radius, to fic aud fill the Plain with 
the hours you reſolve -o pur on. * 
Then, 

The ſeveral == Tangents of '60-45, 30 
& 15, laid boch wayes from 12 on þch the 
Hor1zoncal-lines, thall give you Porn's 
whereby to draw all the Hour-lines in their 
true'places, 

Alſo, 

The = Tangent or 45, ſhall be the true 
breadth of the Plate chat muſt be a Si1.e to 
this Dial ; or the length of an uprighc' Wyre 
ſer any wherein the Line 12. 

Note, 

That for the bours under 45, you way 
take = 45 from che {mall Taugents, \and4 
make- it 4 = Taugent of 45 in the' great 
Tangents 3 and then rake of = Tangent 0c 
30'& 30, for 2 & 10; z an \ the = Tangenc 
of 15 tor 11 & 1x; and 5 For \u want-them 


above 45, chea cke the = Tangent oc 
B 4 65 
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[ 24 } 
60 & 60 from the ſmall Tangents, and turn 
that Extent 4 times from 12 both wayes, on 
both the Horizontal-lines, and thoſe ſhall 


be the Points for 8 in the forenoon, and 4, 


afternoon, | 
And lafily, 
The = Tangent of 75, taken and turned 
4 times from 12 to 7 in the morning, and to 
5 inthe afternoon, will fit and fill a Plain 
of 4 foot in breadth, with a Sector of one 
foot, ſhut, 


3. Todraw a Direlt Eaft or We#t- 
D 1 A L, 


The next Dial, in the third place, 1s the 
D:rett Eaſt or Weſt-Dial, which is repreſen- 
ted in the general Scheam by the Line 
NZS, whoſe Poles arein the Line E ZW, 
whoſe Plain alfo is = to the Pole, & drawn 
in thefame manner as the Polar Dial was ; 
yer with this difference, the EquinoCtial- 
line, whereon to prick the hours, 1s not the 
Horizontal-line, but is thus found. 

Firſt, by the 3d of the 5th Chapter, or 
2d of the x 8th Chapter, Draw a Horizontal- 
line on the upper part of che Plain, as AB; 
and divide that Ling into 3 parts, counting 
one third part fromA toC; then on C, as 
a Center, draw a Semi-circle as large as you 
can, 


s the 
reſen- 
Line 
UW, 
rawn 
was : 
tigl- 
t the 


r, or 
Yntal- 
AB; 
wing 
QC, as 
3 you 
can, 


i. 


Horizontal A for CT, 30 


9), , 
can, as AEFD, which diſtance of the 
Compaſles, make a = Sine of 30 degrees z 
and take our the Sine of half the laticude, 
and lay it from rhe South-corver of the ſemi. 
Circle at AztoE; and draw the Line CE 
for 6 a Clock hour-line: Thea lay the = 
Sine of half thecomplement of the latitude 
from the North-end of the. Semi-circle at 
DtoF, and draw the Line C1 for the E. 
jquinoctial-line, and another =to it. ( Or, 
jou might draw theſe Lines by the Tr1av- 
wler- Onadrant, by applying the flat-fide to 
e Wall, and making the Thred to play on 
8-3c, and 51-30, counting from 60[o on 
1c Looſe-piece and Moveablc-leg, as by ap- 
lying it, you will fec vetter than many 
'ords can dictate), Then having the Equi- 
>Qtial-lines, and the Hour-line of 6, ap- 
>int alſo the place where x or 1 x ſhall be, 
1en make that diſtance, 2zz. C r, in the 
Veſt-dial, or C 11, inthe Eaſt-dial, a = 
angent of 75 degrees; and the Sector fo 
t, lay off the = Tangents of 75, 60, 4s ; 
1d if you will not moye the Sector, take 
- Tangent out of the great Line that is 
hr againſt 30& 15 in the little Line of 
angents, or ſee, by the = Line of Lincs, 
hart the great Tangent of 3o & 15 is, and 
ke one 4th part, | 
j Thw 
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Thus; 
| | You may take the Tangents under 45, 
| | when the Sector is {er to che ſmall Tangent, 
and by turning 4 times, you have the re- 5 
mainder of the great Tangent above 45; | F' 
when the' Sector 1s fer tothe great Line of 
45, as in the Polar Dial,  . 

Or elſe; - 

Alter the SeQtor to the Radius of 45 in N 
h the great Tangent that goes Þurt to 45, and 
"HE rake out the = Tangents of 30, and lay it 
: nl from 6 boch waycs, tor 4-& 8; and the = 
"i Tangenr of. x5, and lay /ir from 6, both 
Wo wayes, for 7& 5. 


44 An lafily; | 
is, 7 By all thoſe Points, draw Lines == to 6, 


{0s for the Hour-lines requireds and number } 
| the Eaſt-dial wich the morning-hours, 'and! | 
the Weſt with the afternoon-hours,the Stile? {| 
is to be a Place, or an upright Point; che top 

of whoſe edge, or poinr, is to be equal cothe. 
Tangent of 45, as the Sector ſtood co prick 

down-the Hour-lines, | 


OCB IT ORE 


4+ To draw the Horizontal-Plain, 


| The fourth Plain next, in a natural order 
of caſineſs to apprehend as Þ judge, is the 


Horizontal Dial, that lizs with us plain = 2 
ro 


-—_ M—_—_—_—— tm 
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| to the Horrzon ;''and the Zenith is the Pole 


| thereof, - repreſented by the pen Circle 


' $:N.E. W. in the general Sc 


eam, wherein 
bnly the Hour, AER, and Stle is requt= 
xed. 

The Stiles ElerationS is alwayes equal to 
the Laticudez and therefore given; the Sub- 
ſtile is alwayes in the Hour 12, being the 
Mcridian-line. | 


The Hoar-lines are found'by this ye- 


neral Canon ; 


As the Sine of 90, the riche AnglePN r, See the 


to the Sine of P N, a fide alwayes e- 6 


qual ro the Latitude or Stiles eleva- 
tion 51-30 

So is the Tangent of the Angle NP r, 
IF; or NP 2 3o, &c. the Angles 
at the Pole, to the Tanzent of N x a 
fide, or N 2 a ſecond fide, the ſeveral 
Hour-arks on the Plain required ; 
found by the Artificial Sines and Tan- 
gents, as faſt as one can write them 
down, 

Thu; 
The Extent of the Compaſſes, from the 


7 Sine of 90, the Sine of the latitude 5 I-30, 


being laid the lame way 'from the Tangent 
; of x5, ſhallreachtothe Tangent of x1-50z 


' and if youtura the Compaſles (ME OUNEVLY 


from 


eneral- 
Scheam. 
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28 
from the Tangent of 15, .it- ſhall.-give the 


Tangent of 71-6, for the hour of 5 as well | 


as IT; which Numvers being gathered into 


a Table, and laid oft by Chords or Sines iu a | 
Semi-circle, ſhall be the true Hour-points | 


co draw the Lines by, 
ſhew how to draw it more readily, and as 
truly by the Sector, thus, 

Firſt, draw a ftreight Line (in the Meri- 


Line A B; then deſign a Point in chat Line 


to ſerve for a Center, asat C; then on the | 


Center C, erect a Perpendiculer-linc to A By 
and draw it through the Center C, for the 
ewo 6 aclock Hour-lines, as the Line DE; 
then draw two Lines equally diſtant from, 
and = to the firſt Line A B, on either fide, 
as large as the Plain will give leave, as D F 
and E G; ( which may commonly icrve tor 
margents to put the figures 1n). 
Then, 

Take the diſtance CD, and make it a — 
Secant of oo, and take our rhe =Secant of 
the complement of the lacitude, and lay ic 
fromD to F, and from E to G, on the two 
Parallel-Lines, and draw the Line F G, 

Then laſily, 

Fit DF, or EG, asa = Tangent of 45, 
and take our the = Tangents of every 3 deg: 
all 


cian, if the Plain be fixed ) for 12, as the | 


But I ſhall nor infill further thereon, but | 
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| 6 [ 29 ] x 
and 45 minuts, counting from 45 , and 
clofing the Compaſſine, and lay them both 
wayes, from both the fixes, on both the 
\— Lines, for all the morning hours from z 
:to9; and for all the afternoon hours and 
quarters from 3 tog9 ; then take out BE, 
or B G, and make this alſo a = Tangent of 
45, and take out the former — Tangents, 
and lay them both wayes from B, on the 
Line F G, for the mid-day-hours and quar- 
ters, from 9 to 3 afternoon z and by thoſe 
Points draw for che hours and quarters re- 
quired, 

For pricking down the Stile, Note, That 
| the = Tangent of 38-35, the complement 
of the latitude, as the Sector ſtands for the 
Noon hours, laid from D to H, gives a Point 
ro draw it truly by ; or the Sine of 5 1-30 
the laticude, laid fromB ar neareſt dittance 
abour H, as the Sector ſtood for the morn- 
ing-hours will do as well, The Stile is to 
be a Plate, or a bended Wyre, cut or bended 
according to the Angle H C B, and ereated 
Perpendicularly on the Line 12, ſo long, as 
the Sun being 62 degrees high may cauſe the 
ſhadow thereof to reach the hour of 12 
and then fer duly North & South,and Hori- 
zontal, the ſhadow will ſhew rhe trite hour 
of the day, Note the Figure, | 
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Note alſo, That, = WP Dial drawn 
for any one latitude, may ſerve for any 0- 
ther latitude North or Sourh, . elevating or 
depreiling the Stile, till ir look ro the Pole. 
frvoe 3. that is, by making it to recline 

orthward, or Souchward, .as. muth as the 
difference of the latitudes, viz. that the Dial 
was madefor, and that wherein it 1s to be 


uſed, ſhall bes 
5. To draw a North or $ onth Plain. 


The nexr Plain to this, and moſt like it, 

15 the Direft North and South Dial; wholſc 

Plain lies = to the prime Virucal, or Circle 
of Eaſt and Weſt, and its Poles in the South 
.and North part of the Horizon, and repre- 
fenced by the. Line EZ W, in the general 
Schcam, whoſe Stile is alwayes equal to the 

complement. of: the Latitude, as the Hori- 
Zontals was equal to the Latigude, and con- 


44 


Tequeutly given, 


© The Hour Arhs on the Plan, are found by 
the former Canon, viz, | 
_ As the Sine of 90, viz. the Angle Þ ZE, 
".. . sto the Sineof the SideP Z, the Co- 
, - Jaticnde or Stiles Elcvatzen ; 
| Sois the Tangent of the- Angles ar the 
Pole &P x, &P 2, &c, to the Tan- 
genes 


drawn 

any 0- 
ting or 
1e Pole. 
recling 
h as the 
he Dial 
15 to be 
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whole 
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F - | gents of a NY Z T, Z ay Z 3, 
i ' &eC> | 
3 The Arkg on: the Plain, found as before 
y Artificial Sines and Tangents 3 /and be- 
Ing drawn into.a Table, to be laid off by 
Chords, or Sues, or by che Sector, 
"Tha . 

;. Draw a Perpehdiciler-line for the Subs 
Bile, or '12 a clock Line; and::in that Line 
defis 1gn a Pointfor a Center, as the Point A 
&o the Line A B ;-' through "which Point A, 
Hraw another: Line; crofling the. former at 
Right Angles, for a Horizontal-line, and 
the cwo fixes, as you did in the Horizonzal ; 
then, on each fide;and equi-diſtant from 12, 
make two Lines = to AB, as marginal- 
lines, asCFandDE; The diſtance A D, 
of the Parallel make a —=Secant of 00, and 
Fake out the ='Secant of 5 1-30, the latiende 
of the place, and-lay ic from CtoF, and 
from D to E, and draw the LineF E, then 


' makeD Fa Tangenc of 45, and layoff the 
(| on and quarters as you did in the Hort- 
Rontal i in all reſpects. 

n 


Alſo, | 
I Make BFa— Tangent oft 45; No a. 
che = Tangents of- every hour and 
narters (3 you pleaſe) from By both way es, 
ard EandF, andby choke P6jairs draw 
Lines for the hours required, * ©- + 
- The 


Wyre, as you pleaſe, as the:AngleG A B, 


The North 'Dial is the ſame with the | 
South, for manner. of making, only the Þ 
Noon-hours. are 'negleRed, and the Morn- | 
ing and Evening-hours, both before and af- | 


ter 6 on cach fide only. inferted y and the | 
Center of the-Dial for.that cauſe appointed } 
in the middle of the Plain, and nor onthe | 
upper-part,. as in the South, and the Stile- | 


pounts upwards ( as in the South it points 3 
downwards). Note the Figures, 'Y 


6. Todraw the. Hours 0n4 Dirett 3 


Recliner. 
The next Plain to-be. confidercd, being: 


alſo Dire, but not Erect, or Upright, -buc 


Leaning trom you; and may be cither 3 


North or South Recliner ; 


\. | , That «6 thus; 7 

As thePoles, of a Dire&t South Plain, are 
in the meeting-poinr of the Meridian 
and Horizon, wz. the Point'S. in the} 
general Scheam ; and the Poinc N;/iu 


the ſame fcheam, is. the Pole of theW 


North Plain; and the Poinr- Z, is the 


| Pole of the Horizontal Plain. , 
: d0 


32] 
Thi Angle of lt -f A0Q be laid off j 
by Sines, Tangents, or Chords, as before is | 
thewed, cothe quantity of the complement WM. 
of the Latitude, : and- nay | be a Plate or | 


. Al — — PIY tai 


| By 4; 53 | 
aid off! So the Pole of theſe Plains is a Point in 


efore is | the Meridian, -elevated 'as many :de- 
Wement MY. grces above the Horizon, as the Plain 
Plate or | ſhall recline from the Zenith, or up= 
AB; | right toward.the Horizon, LJ 
th the} As thu; | 

aly che Þ + Suppoſe the Hour-circle of- 6 in the ge- 


- Morn-  veral Scheam, to repreſent a Reclining Plain, 
and'afs | the Point A, in the Meridian, 1s the Pole.of | 
nd the MW 2f being as many degrees above the Hori- 
pointed MW 291 S, as Þ is below the Zenith Z.. 

conthe W $9 allo is Þ. the Pole to the North Recli- 
e Stiſe- MY ning Pla W AE; forthe PointP, 1s as 


: points much above the Horizon N, as A is below 
.*# theZenith Z. 
W Thus you (ce what the Pole of a Plain 
ef 3 means, viz, a Point 90 degrees every way 
E from it, 
|, being Now .therefore North Dire Recliners 


ht, -buc have their Poles any where between Z & N, 
either 3 and South Dire& Recliners have their Poles 
| any where between Z. 8& S, according to the 
B- degrees and minuts of their Reclinafion. 
ain, are This being premiſed, for drawing the 
feridian Y - Hour-lines, obſerve, That - for South Reclt- 
& in the Y vers Diredt, the difterence between che Rc- 
c Nin clination and th? complement of your Lati- 
e of the tude,'is alwayes: the Stiles heighc for that 
Z, is che - reclining Plain, 
| | bf Bt 
Fo £0 


4 
Bat note, That £2 Reclination is 
more than the complement of the Latitude, 
that then the contrary Pole is elevated, viz, 
the North Pole on South Recliners. 

But for North Recliners, the ſum of the 
Co-latirude, and the Plains reclination 1s al- 
wayes the Stiles elevation z but note, when 
the Sumis above go, then the complement 
to 180 is the Stiles elevation 3 but it muſt 
be turned the other way, viz, contrary to 
the nature of a North Recliner, for the 
Stile will look downwards in the North Re- 
cliner, and upwards in his oppoſite South 
Incliner. 

Note alſo by the way, That when the South 
Recliner reclines equal to the complement of 


the Latitude, it js called a Dire& Polar 


Dial, or rather an EquinoCtial in reſpe& of 


his Poles, ( but T mind not co be fingular ). 
And when the Reclination of a North 
Recliner, is equal to the Latitude, then the 
Stiles height is juſt 90 degrees ; and the 
Plain, called an Equino&tial-plain, or rather 
Polar, in reſpe& of his Poles, ( being firſt in 
order treated on). | 
_ Thus underſtanding, and right concet- 
ving what the Plains are, the drawing of 
any of them is the ſame with the North and 


South ; for the Stiles height is alwayes to be © | . 


counted 
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35 
counted the complement of the Latitude, 
and by conſequence you have the Laticude. 


eA's thus for Example, Comparing the 
reading, and Figure VII, 


bappore a Plain recline from the Zenith 
coward the North part of the Horizon 10 
degrees, his Pole 1s 10 degrees above the 
Horizon 5 and then 10 taken from 38-30, 
there xemains 28-30, for the Stiles Elevari. 
on ; or the Latitude ro draw it asa Hori. 
zontal Dial; and 61-30 for the Latitude 
for which place you are to draw a Dirc& E- 
rect South Daal, 
Again, 

Suppoſe a South Recliner, recline 5o de- 
grees, being more than 38-30, the Co-lati- 
tude ; rhen take the Co-lacitude from 
thence, and there remains 11-30 for the 
Latitude or Stiles height, to draw a Hort- 
zontal Dial by ; and 78.30 for a Latitude 
to draw a Sourh Dial by z but the Cock muſt 
look up to the North, therefore mult be 
turned the other way, 

Again, 

For a North Recliner, reclining 60 de- 
greesz 60 & 38-30, added, makes 98-30, 
whoſe complement to 180, 1s 81-30, the 

C 2 Stiles 
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Stiles height 3 but the contrary way, as 
you may well perceive by the Horioncal, 


As ouce more thus ; 

Snppofe a North Plain: recline 85 de- 
Irees3 that, and 38-30, added, makes 
123-30 , whoſe complement to 180, 1s 
56-30, the Stiles height : but put the con- 
"ary way, as a South Incliner, being almoſt 
2 Horizontal Dial; fo that to draw this 
D1al, let 56-30 be the Stiles height, or Co- 
latitude ; then, 3 3-30, 15 the Latitude to 
draw a Direct South Dial by. 

Or, 

You may count the Stiles height the La- 
titude, and then draw it as a Horizontal- 
D:al, by taking out the Secant of the Co- 
Jatirude, and the work will be the ſame; 
As in the Figure North Reclining 60 dc- 
eres, 


7. Todraw a Dirit Eaſt or Weſt- 


Recliner, 


This Plain being a Dire& Plain alſo, and 
raking no cognizance of Declination, (0- 
therwiſe ſhould have come-after) 3 1s only 
a1 Eaſt or a Weſt Plain, reclining or tal 
iing frem you 3 or inclinzng, or falling to 
you 5 


L [ 37 ] | 
you ; and the Poles of theſe Plains arc ii 
the'prime Vertical, or Circle of Eaft and 
Welt, as the other were in the Meridian 
| and this. Plainis repreſeuted by the pricked 
Circle NF'S, reclining 45 degrees, whoſe 
Pole is at Q 45 degrecs above W ; for the 
drawing of which, it will not be amiſs, bur 
very converient to draw a parti-ular Scheam 
by the laſt Rule in the x 7 Chapter. 9 f ths 
Srest 2am. 
As this - % : 6 
With 45 degrees of thc {mall Tangents, #02 Z : 
draw the Circle N.E.S.W. crolling it inthe 
Center with the Lines W E, SN; chen lay 
oft the half Tangent of 38-30, from Z to 
P; and the half Tangent of the Reclina- 
tion 45, from Z roF, and frgmZroQ_, 
and draw the Circles NES, and FPQ; 
in which Scheam, Þ F repreſeats the Stile, 
F G the diſtance of rhe Subſtile trom the 
Meridian, and 'G PF the Angle between 
the two Meridians, viz. ZPÞPN of the 
place, QP F of che Plain, All whuclt rc- 
quiſites are thus found out by the Artificial, 
or Natural Sines and Tangents, 
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t. And firſt for the Sules Elevation, 


fs the Sine of co NZ, tothe Sine of 
Z E, the Reclination 45 ; 

So 15 the Sine of NP the Latitude 5 1-32, 
co the Sine of P F, the Stiles height, 


33-37 


To work this by the Trianguler Qua- 
drant, orSettor, do ths ; 


As —- fine of NP, the Latitude 51-32, 
to =finego ZE; 

So is = line of ZE, the Reclination 4F, 
to — fine of PF 33-17, the Stiles 
height, 


2, For the Diflance of the Subſtile from 
12, thu, by eArtificial Sines and 
Tangent s. 


As the Tangent of che Reclination, ZE 
45, toſineof EN 9goz 

So1s the Tangent of the Stiles elevation, 
PF 33-37, tothe fine of FG 41-40, 
the diſtance of the Subſtile from x2. 


wry 
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Or, by Natural Sines and Tan 
gents, thu; 


As — fine 90, to == Tangent of the Re- 
clination 45 ; 

So is = Tangent of the Stiles height 
33-37, to — fine of the Subſtile from 
12, 41-40 For, 


If you only take the Tangent of 33-37, 
from the Moveable-leg, and meaſure it on 
the Sines from the Center, it ſhall reachto 
the ſine of 41-40 , the Subſtiles diſtance 
from -12, 


3. For the Inclination of CMiridians, 


thus ; 


As the fine of the Latitude NP 51-32, 
co the ſineof PEG go; 

So is the fine of the Subſtile from x2, 
GF 41-40, tothe fineof GP F 58-7, 
the Angle between the two Meridians. 


By Natural Lines thus; 


As — fine of the Subſtile 41-40 G F, 
to = fine of the Latitude 51-32 N Pz 
So is = fine of 90 PEG, to — fine of 


GPPF 58-7, the Incliner, 
C 4 : If 
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If this Rule fails, uſe a leſs Radius, or x 
— Anſtvcr, as is largely ſhewed before, 


Thus having found the Requiſites, pro- 
* ceed todraw the Dial thu; 
Firſt conſider the Scheam, where you 
ſhall find the Reclining Plain to be repre- 
ſented by the Line SEN, as the upper-cdge 
thercof; SZN 1s the HorizontaEline and 
. Meridian-line alſoz N or G is the -place 
where the Meridian cuts the Plain, being- in 
the Horizon ; Therefore here the Hour-line 
of 12 is a Hcrizontal-line, and the Sun be- 
ing in the South part of the Meridian, doth 
caſt his ſhadow Northwards ; and being in 
the Eaſt, caſts his ſhadow Weſtwards : 
Therefore laying the Scheam before you, as 
the Plain reclines from you, you ſhall ſee 
that the Meridian muſt lie co the right-hand 
from Z, toward N; and the Subſtile up- 
wards trom N, towards E, at F; © And the 
the Stile muſt look upwards, as the Angle 
GPF doth plainly ſhew 53 and the morn- 
1ng-hours are chiefly fit for the Plain, be- 
cauſe the Sun rifing Eaſtward, 1s oppoltte to 
the Plain. Thus the Aﬀections and Scitna- 
tions of the Cardinal-lines are naturally and 
demonſtracively ſhewed , the Delincacion 
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f Firſt, 
; Draw the Horizontal-line $ N; and on Z, 
6a Center, deſcribe a Semi-cirle as SEN, 
ind from N-toward E lay oft 41-40, the 
liſtence of the Subſtile fromi x2, and draw 
be Line Z F for the Subſtile 3- alſo beyond 
hat, from F co E, prick off 33-17, and 
[raw that Line for. the Stile-line. 

Then for drawing the Hour-lines, you 
1ſt firſt make the Table of EquinoQtale 
uſtances, or Angles at the Pole, thw ; 

Firſt, in all Direct Plains, it is orderly 
Ws 3 3-45, for the firſt quarter of an hour 
om I2; 7-30, for halt an hour; 11-15, 
>r three quarters; and 15 degrees for an 
our 3 and ſo ſucceſſively to 90: 'Soalſo 
111] it ben all Plains, whoſe inclination of 
deridians is juſt 15, 30, 45, Go, 75, or 
o degrees, being even whole hours; and 
ear as well, when it falls on an even quar= 
2x of an hour alſo, But when it doth not 
$ here, then the beſt Rule or Method I 
now is ths ; 

Firſt, fer down 12, 11, 10,9, 8, 7, 6, 
» 4, 3, 2, 1, & 12, as in the T able follow- 
7, 

Then right againft 12, ſet down the In- 
nation of Meridians 3 then ſubſiract 15 
| __ degrees 
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[42] x 
degrees for every hour z and 3-45 for every 

uarter, as often as you can, ſetting down 
the remainder z then draw a Line a-croſfs, 
and what the laſt number remaining wants 
of 15, or 3-45 ( for hours, or hours and 

uarters) ſer down on the other ſide below 
the Line, as you ſee in the Table following ; 
and fo procced, adding of 3-45 to that 
ſum, for every quarter z or, x5 deprees for 
every whole hour, till you come to go both 
wayes ; ſo isthe Table of Hour-Arks at the 
Pole, compleated for all Hours that can 
come on this Dial, or on any other. 
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The T able, 


2 


9X 52 
88 07 
84 22 


80 37 


76 52 
73 07 
69 22 
65 37 
GI 52 


12 58 07 


$4 22 
F037 
46 52 


IT 43 07 


39 22 
35 37 
31 52 


I0 28 O7 


24. 22 
20 37 
16 52 
13 O07 
Og 22 


ne # 


OL 52 


—_— —_— 


$ OL 53 


OF 3S 
O9 23 
x3 08 
I6 53 
20 38 
24 23 
28 08 
31 53 
35 38 
39 23 
4.3 08 
45 53 
50 38 
F4 23 
58 08 
6153 
65 38 
69 23 
73 08 
76 53 
80 38 
84 23 
$8 08 


2 9153 


ee et com. 
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Thus you ſee that the SubMtile falls on 
near a quarter paſt 8, or 3 hours 3 quarters 
and better from 123. then if you will, byf qu 
the former Canon, you may find all thcef 7? 


Hour-Arks on the Plain, | P 

. Tins | T 

As the fine go, to the fine of the Stiles 1 

height 33-37 5 , 

| So 1s the Tangent of the Hours, in the 
| Table laſt made, called Arks, at the | * 
| Pole 3-53 for 6,. to the Tangent of þ b 


lj y the reſpective Hour-Arks at the Plain 
T ij from the Subſtile 90-0 for 6, 


b 
F 
More brief thus ;; = 
As the fine of 90, to the fine of the Stilcs ? 
Eleyation ; 
Al So 1s the Tangent of the Hour from 12, 
Wh i! to the Tangent of the Hour from the 
BY Subſtile. 
'' Which bcing brought into a Table, may 
be pricked down in a Semi-circle by Sines, 
or a Line of Chords, from the Subſtile on 
the Plain, 


— But I prefer this Geometrical way before 
it thus ; 


Having drawn 12, the Subſtile and Stile, 
draw 


alls on 


Juartcrs : 


1111, byf 
all thc 


e Sules 


in the 
at the 
vent of 
ce Plain 


e Stiles 


m 12, 
Mm the 


, may 


Sines, 
ile on 


fore 


| Stile, 
draw 


Wt Io OT: 


" anda 


aw alſo a Line at any convenient diſtance 
fallei to 12, as D I; then at any conve- 
me diſtance irom the Center Z, draw a 
je Perpendiculer to the Subſtile quite 
vugh the Plain, as the LineK TL, 
' T hen, 
Take the neareſt diſtance from that meet- 
! Pointat F, to the Stile-line, and make 
1 = Tangent of 45 ; then the = Tangent 
every hour and quarter, as in the 7 abie 
en from the Sector, and laid from F the 
bt way, as the hours go, ſhall be the true 
mts whereby to draw the Hour-lines re- 
red. | 
Bur in regard that this way will ſome- 
ie be troubled with Excurſions in ſome of 
thours, you may help it thus; Having 
wn ſome hours, as ſuppoſe 6 & 3 or 
29; or indeed any 2 hours, 3 hours di- 
ice aſſunder, aShere6&9 ; take the di- 
ace between 6 and 9, and lay it from the 
fter to N on the Meridian, and draw the 
toN —toG at length, beyond 125 
en, as petore, make 6-9 a — Tangent of 
| and lay off every hour and quarter, as 
he South Ere& Dial, both wayes from 
Alſo, make Ng a =Tangent of 45, 


ad do likewile laying the hours both wayes 
rom N, and you ſhall have Points enough 
draw the Dial by. 


Others 
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Otherwiſe, make theſe Dials thus. 


Count the complement, of the Latitude | 
where the Dial is to ſtand, for the Leritude; Þ 
And the complement of the Reclination for | 
a new Declination ; and then draw them as: 
Upright Decliners by the following Rules, | 
and you ſhall do as well and ſpeedily as any 


way. But note, That all Eaft Recliners, are 


North-eaſt Decliners ; and Weſt Recliners, * 


arc North-welt Decliners; And Eaſt and 


Weſt Incliners ( being the under faces) are. 


South-eaſt, and South-weſt Decliners, 

Alſe note, That if you draw your Scheam 
true, and large, you may trom thence Geo. 
metrically find the Subſtile, Scale, Iuclina- 
tion of Meridians, and every hours diſtance 
on the Plain, by Scale and Compals, thu ; 
As Captain Laxkford hath ſhewed. 

Firſt, For the Stiles Elevation ſet off a 


Quadrant or quarter, as W.N. from B co I; 


then a Rule laid from Z to TI, cuts the Plain 
at A; then aRule laid from A, to P &F, 
cuts the Circle at O and L; The Ark O L, 


35 the Stiles Elevation, and meaſured by fich 


Chords, gives 23-17. 


Secondly, For the diſtance of the Subftile| 


from 12, a Rule laid trom Q co F, cuts the 
| | Limb 


L 


Rules, | 
as any | 
ers, are 
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" Limb or Circleat M, the Ark MN mea- 
1] ſuredon fic Chords, gives 41-40, the Sub- 

__ } ſulefrom12, 
writude | 
titude; | 
ion for 
them as | 


Thirdly, For the Inclination of Meridi. 
ans, a Rule laid from Þ to A, in the Limb 
givesC; the Ark WC 58-7, 1s the Angle 
berween the two Meridians. 

Fourthly, To find the Hour-Arks on the 
Plain; a Rule laid from Q to the interſet- 


ing of every Hours Ark ('in the Scheam ) 


and the Plain as here, a Rule laid fromQ to 
6, cuts the Limb at R, the Ark MR 19-0 is 
the diſtance of 6 from the Subſtile on the 
Plain z and fo for all others, as 12 & 6 is 
NR 60-40, both hours and quarters if you 
have them truly drawn on a large general 
Scheam, as Mr. Laykford hath done. 

Thus much for Direft Plains, both Ereft 
and Reclining, before I come to ſpeak of 
Decliners , It will not be amiſs ro ſhew 
how to find the declination of a Plain, both 
by the Sun-ſhine, or without, by a Magneti- 
cal-Needle, as followeth, 
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To find the Declination of any 
PLAIN. 


Or finding the Declination of a Plain, 

the moſt caſie way 1s by a Magnetical- 
Needle, fitted according to Mr. Failes way, 
in the Index of a Declinatory '(as he calls it) 
being 180 degrees of a Semi-circle, divided 
on an Oblong-Board, or Quadrant, or a 
longer Necdle in a ſquare Box, (or) fitted 
with Hinges and a Cover , after all which 
wayes, you may have them made art the ſign 
of the S«n-dial in the Mrnories, by Fohn 
Brown; ox of any other manner you ſhall 
think fir, | 
But, to our Trianguler Quadrant, is a 
Box and Needle alſo to be fitred of another 
form, in ſonic things more convenient, 


Whoſe form is thus x 
EFuft, 11-2 piece of Box 5 inches Tons, 


1? 


— 
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is a hole made near 4 inches long, r inch 
3 broad, and 4. tenths deep for a Needle co 
play in ; about 5o degrees at each end ; 
with braſs-hinges, and a cover. and a brzce 
to keep the lid uprighr,& an Axis ot Th: ed, 


and a Plummer playing in the [1d, and a 


Horizontal and a South-dial, drawn on che 
Box and Cover ; alſoa haſp and glaſs to keep 
the Needle cloſe cove-ed, and on the g:5rcom 
a Grove one tenth of an inch dee -, made 
juſt a3 broad as one leg of the Sector is. 


The uſe whereof 1s thus ; 


Pat your Box and Needlc, on that leg of 
the Sector, as w-ll be moſt convenient for 
your purpole; the North or c:ofs-end of 
the Needle coward the Wall, when it 1s a 
South decliner 3 and the coutrary when it 
3S applyed to a North decliner, as the play- 
ing of the Need!e will tel} you better chan 
many words; then open or cloſe the Rule, 


till the Needle pla: right over che Line in 


the bottom of the Box, (unleſs there be va- 
riation, then you mult allow tor it Eaft- 
wards of Weſtwards what itis), Then, L 
ſay, the quantity of the Angle in degreesand 
Minuts the Sector ſtands at, above or under 
90, 15 the degrees and minuts of Declinat'- 

on ; 


Lo 


| TW F. .. | 
2+ broad, and 6 tenths of one inch thick; 


atee-wenao nance eee _—  — » 


_— ... 
on bcing counted from 00 in the lictle 
Semi-circle, as complements to the Angle 


of opening; as in the 4th#ſe-of the 5th 


Chapter 1s largely and plainly ſhewed. 


Thus you have the quanitity of degrees - 
and minuts of Declination : but to deter- 


mine which way, conſider th ; 

If the Needle will ftand fill in the 
middle, when the North-end is toward the 
Wall, then the firſt denomination is South, 
if not North. 

eAgain, 

When you know where North and 
South is, you tnay reſolve which way the 
Eaſt and Weſt 1s ; For, obſerve alwayes, if 
the North be before you, then the Eaſt is on 
the right-hand, and the Weſt on the lefr 3 
and contrarily, If the South be before you, 
the Weſt is on the right-hand, and the Eaſt 
dn the left, 

Then, 

It the Sun, being in the Faſt-point of the 
Horizon, can look on the Plain, it is a 
South-eaſt Plain ; bur if it beholds it when 
1n the Weſt-point, it is a South-weſt Plain, 

Likewiſ, $) 

If the Croſs-end of the Needle will nox, 
ſtand toward the Wall (che Needle playing 
well) and the Sun being due Eaſt, behoJds 
the 
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the Plain, then it is ſo many degrees North- 
eaſt 3 bur if it cannot look on che Plain, 
being due Eaſt, then it is a Norch-welt 
Plain, declining ſo many deg. as the Sector 
{tands ar, under or above 90, being alwayes 
thz complement of the Angle che legs of the 
Sector (fand ar, and found by taking the 
Angle the legs ſtand ar, from $90, whcu the 
Angle 1s leſs than 90. 
Or, 

Taking 90 out of the Angle, whe + 
fands at an Angle above go degrees as a 
look at the little Semi-circle on che Head 
ſhewerh. 

Example. 

Suppoſe I come to a Wzll, and putting 
the Box and Needle on the Leg of the Se- 
Qor, and applying the other Leg to che 
Wall (or on a {treight piece of Wood, ap- 
plied to the Wall; becauſe of the Walls an- 
evenneſs) ; and open or cloſe the Legs, Gull 
the Needle playes right over the Meridian- 
line, drawn on the bottom of the Boxz 
then, Ifay, the complement of the Angle 
the Legs of the Sector ſtands ar, being al- 
wayes what it wants of, or 1s avove 90 
degrees, is the degrees of Declination z and 
the Coaſt which way, the Needle and Suns 
being Eaſt and Weſt, tells you. | 

L323 - Fof, 
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For, my | 
If the North or Croſs. end of the-Needle 
be coward the Wall, ic 1s a South Plain ; 
and if che Sun, being» in the Eaſt, can be- 
hold :t, then 1t 1s South-caſt; if not, a 
Sourh-weſt Plain. 


A ready way of connting the Angle 
found, may beth ; | 
Y 

Take the —= diſtance betwcen Center and 
Center, in the middle of che intietmolſt- 
lines, and lay ir Jattcrally from the Center, 
and co:nt two degrees more than the Point 
ſhewecrh, after the manner of Chords from 
90 (at the fine of 45) toward the Compals- 
point, and thar ſhall be the degrees and 
minuts required, | 

| Example. 

Suppoſe the Legs are fo opened, that the 
= diſtance between the two Centers, makes 
the — fine of 25 ; chen, I ſay, the Lines 
do ſtand at an Angle of 5o degrecs, and 
the Legs at 48, two degrees leſs, the com= 
plemenrc whereof is. 42; as if you count 
chus from 4.5, you will find, 40 from 45 is 
IO,.35 is20, 3015 ZO, 25 is 40, and 2 dc- 
grees more makcs 42, the thing deſired, 
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| Bat, 

If you like not} the abating of two de- 
'Tees, then the = diſtance taken juſt be. 
ween the two legs right againſt the Cen- 
ers, ſhall be juſt the — fine of 24 degrees, 
T 42,counting after the manner of Chords, 
iz,, every 5 degrees on the Sines, for 10 on 
he Chords backwards from 45 of the Sines, 
vhich 1s 90 in Chords, 

Or, 

If you uſe the firſt Rule, of the 4th Zſe 
t the 5th Chapter, viz. by taking the —- 
ine of 30, and put one Point of the Com- 
aſſes in the middle Center in the Tangent- 
ne, and apply the other to the Line of 
ines, you ſhall find it reach to the fine com= 
lemenc of the Angle the Lincs ſtand at, 
1z.' 40 degrees and 2 degrecs more, Vize 
2,15 the Angle or thing deſired 3 as pra- 
tice wich confideration will make eafte. 

Thus, by the Needle, you may find the 
eclination of a Wall, which in cloudy 
'eather may ſtand you in good ſtead ;, or 
) prove a declination taken by the Sun, to 
rcevent miſtakes. And if nothing draw the 
[cedle from its right poſition, but that it 
ay well, and you find the Angle truly, 
2U may cone to leſs than half a degree : 


D 3 | And 


And this convenience it hath, that it carrics 
the Necdle a competent diſtance from the 
Wall, to prevent hat attraCtion ; bur if ut 
happen to be {o near a Meridian,or Eaſt an 
Welt-plain, that the Angle, by the Sector, 
cai:110t well be taken; then you may only 
apply the tide of che Box and Needle to the 
Wall, and che Needle it ſelf will ſhew the 
Declization, on the degrees on the bottom 
of the Box. 

Yet for exaEtncſs, the way by the Sun is 
alwaycs the beſt, where you may come to 
make a good Oblervation, and then the 
Necdle ouly js not to be truſted to ; a bet- 
ter way with opportunity offering it ſelf, 


To (nd a Declination of a Wall by 
the Sun, 

For rnis purpole you (muſt or) ought to 
have znother Thred and Plummer, which 
Thied may te a fine cyen ſmall Pack-thred, 
and 1t 15 convenient to have it ready hanged 
up near the Wall, fo far off, as the Triangs- 
ler- Quadrznt may paſs along between 1t 
and the Wall, that you may not be rroubled 
to hd itup, aud lay ir Gown, and be 
annoyed with the inconvenicncies of your 
hn! thaking, and time waſting, to more 
Uunccitainty than necds be, 

- | Alſo, 
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Alfo, 

You muſt needs take notice of the two 
Meridiaus, viz. one of the place which is 
che Meridian, or 12 a clock; to which 
place, when the Sun or a Star comes,it is ſaid 
to be in the Meridian. 

And the other is the Meridian of the 
Plain, 1n which Line the Pole-point of e- 
very Plaia is, being 9o degrees diſtant from 
the Plain every way, and inall upright- 
Dials their Pole is in the Horizon ; and that 
degree of Azimuth in which the Pole-poinr 
lies, counted from South or North roward 
Eaſt or Weſt, is alwayes the declination 
thereof 5 ſo that by finding the Suns Azi- 
muth ar any time, and the diſtance of the 
Sun at the ſame time from the Meridian of 
the Plain, 1s gotten the declination, 

The Azimuth of the Sun from the Mert- 
dian of the place, is found by the 26, 27, 
28, 30, 32, 34, 39 Uſes of the 15th Chap- 
Fer. 

But the Azimuth of the Sun from the 
Meridian of the Plain, is found by apply- 
ing the Head-leg againſt the Plain Horizon 
cally, flipping it to and fro, till the ſhadow 
of the Thred, hung (or held) up, play right 
oyer the Ceuter of the Trza»galer- Quadrant 
D 4 on 


— . 


561. 
on the Head-leg; then what deg, ſoever the 
thred cuts, counted trom 60]0 on the Looſe- 

iece (being the Perpendiculer or Pole-point 
of the Plain ) ſhall berche Azimuth of the 
wn from the Meridian of thePlain,- 

This 1s the Operation; the Application 
Or Uſe 15 worded ſeveral wayes by ſeveral 
neaz I hope I (hall do it as fully, and as 
Iriefly as ſoine others. 4 

The Sun, to our appearance, 'paſlerh from 
Eaſt, by the Meridian, to the Weſt cvery 
day ; therctor? iu the morning 1t wants of 
coming to the Meridian 4 #t noon it is for a 
moment juſt jn the Meridian, and 3n the 
afternoon 1t 1s paſt the Meridian of the 
place. 

Even ſo it begins to ſhine on, and is di- 
rectly againſt, and leaveth to ſhine upon 
moſt Plains, when ir begins to ſhine upon, 
or 15 not que:tly againſt ; I ſay, it wants of 
coming to the Pole or Mcridian of the 
Plain. When it 1s d:reRly againſt the Plain, 
then 1c 15 in the Meridian or Pole of the 
Plain ; when ic 5s pafl, it 1s paſt, or begins 
to leave the Plain, 

Which Th.ce Varieties I intend thus 
bricfty ro © preſs; 

 Azimuch Want, or W inthe morning 
only 5 Azunath Dire$t at noon 53 Azimuth 


paſt 


the 
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paſt, or Þ being in the afternoon, 

The other Three Varieties let be Sha- 
dow Want, Shadow Dire&t, Shadow Paſt ; 


[all which may be in ſeveral Plains art ſeveral] 


times z that is to lay, at morning, noon, and 
1eght, 


Theſe Obſervations, ard Cantions pre- 
miſed, the Rule # thus 3 


x, If the Azimuth and Shadow are both 


wanting, or both paſt ; ſubſtract the Ifler 


our of the greater, and the reſidue 1s che 


'Declination, But if one want, and the 0- 


ther be paſt, then the ſums of them 1s the 
Decliration, 

2. If the Sun come to the Meridian of the 
Plain, before it come to the Meridian of the 
place, it1s an FaſtPlain, Burif it cometo 


the Meridian of the place, before ic come to 
{the Meridian of the Plain, it is a Weſt 


Plain. 


- If the ſum or remainder, after Addi. 
tion or Subſtratticn, be under 90, It 1s a 
South-eaſt, or South-weſt Plain, declining 
ſo many degrees, as the ſum or yeſidne 1s, 
But it the ſem or remainder be above 95, 1t 
1s a North-eaſt or a North-weli Plain, and 
the compiement of the ſam or remainder tO 
7 180, 


180, is the quantity of Declination North. 
caſt, or Narth-welt, 
4. If the ſum or remainder be oo, it is 


juſt South 5; 1f 90, juſt Eaſt or Weſt. Bur, | *, 
If it be 180, 1t 3s a dire North Plain, 

It ſhall be farther Explained by two or in 

three Examples, af 

Suppoſe that on the firſt of Afay, in the ” 


forenoon, I come and apply the Head-leg of | 
the Tr1anguler- Quadrant to the Wall, andſ ,, 
holding of it level, the ſhadow of the 
Thred, held up ſteady, cuts the Center and 


60 degrees on the Moving-leg ; that is, 60 


deg, want ; which I preſently ſer down in tit 
a Pa ady prepared, thu : ly 
a Paper ready prepared, thus 7 

May 1, 1669, Forenoen. © 


Shadow —_—60—00 want, 
Altitude——20--00 
Azimuth——94—00 want, 


Subſtra&k,—34—00—South-caſt, 


Then, as ſoon as poſſible, or rather by 
ſome body elſe, at the ſame moment, find 
the Suns Alcitude, which ſuppoſe to be 20 
degrees ; ( bur if you are alone, and have a$ 
| Thred 


©, It is 
bk. 


lain, 


'0 Or 


. n the 
[-leg of 
I, and 
of the 
ter and 
' 18, 60 
OWN 11 


" 
| off 


| « caſt, 
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Thred ready hanged up ; then take the Al 
ritade firſt, and the ſhadow will be had 
preſencly after, the Thred hanging Readily) 
and ſer that down allo, as here you ſee, 

Then by the 26th #ſe of the x5ch Chap- 
ter, you ſhall find the Suns Azimuth ar that 
time and Altitude to be 94 degrees, and 
after Subſtraction remains ;4-0, for the 
Walls declination Eaſtward, becau e thc re 
mainder is under 90, and the Sun comes to 
the Meridian of the Plain, betore it comes 
to the Meridian of the place, or South, 

Agar, 

In a morning, J#»e 113, I obſerve the Al. 
titude, and find it x5 degrees, and inſtant. 
ly che ſhadow, and find it to he 10 degrees 
paſt the Plain, 212. on the Looſe-piece, to- 
ward the Head-leg, I ſet both Altitude and 
Shadow, with che day and time down ths, 


Tune 13, Forenoon. 
Altitude — 15—0 
Shadow — 10-0 Paſt, 
Azimuth —129—0 Want. 
Sum is — 119—0 

180—0 


o05S1—0 North-caſt. 
And 


g*1 ut 6 


Co |] 
And then find the Azimuth at that time 
and Altitude to be 109 degrees ; here the 
cerms being unlike, I add them together, 
and the ſam being above 90, I know it muſt 
bea North Plain z and becauſe the <un 
comes to the Plain before it comes to thi. 
Meridian of the place, it 1s North-eaſt ; and 
the'complement of 119 to 180, is 61-0 
Naorth-caſt. 
Again, 
Jure 13, Afternoon, 
Altitude — x5—0 


Shadow — 25-0 Want, 
Azimurch —109—0 Paſt. 


Sum 1s — 129—0 
180—0 


OF I—O North-wcſt, 


Suppoſe the ſame day, in the Afternoon, 
T find the Suns Alcicude x5-0, and the tha- 
dow 20 degrees want ; the Azimuth at the 
lame Altitude, and the ſame days will be 
near the ſame number of degrees; bur in 
the Afternoon it is paſt the South, or Meri- 
dian of the place ; here alſo it is a Norih- 
plain, becauſe the fum is aboye 90 ; and a 


North- 


t eime 
Tre the 
ether, 
temuſt 
e Sun 
0 thi 
: and 
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; 


6x 
North-weſt, becauſe it js againſt the South, 
before 1t comes to be right againſt the. Plain, 

\  Bur'if you happen to come when the Sun 
'1sin the Meridian of the Plain, then the. 
\Suns Azimuth 1s the Declinacion, ;'Eaſt or 
' Weſt, as the Azimurh 1s. 
| Alſo, 

If you takethe ſhadow, when the Sun 
15 juſt in the South, or Meridian of the place, 
the ſhadow 1s the Declination ; if it is paſt 
the Plain, it 1s Eaſtward 3 if it wants, It is 
Wettwards, | 

Thus I have (IT hope ) ſhewed the true 
manner of finding the Declination of a Wall 
by the Sun ſhining on the Plain, as plainly 
and as briefly as the matter will bear, ſpeak- 
ing to young Tires therein, 

It may be done alſo, by obſerving when 
the Sun juſt begins to ſhine-on a Chimny, 
or Wall, or high place you cannot for the 
preſent come near, conceiving the Sun to be 
then juſt 90 degrees from the Meridian of 
the place wanting, or juſt when it leaves It 
being then 90 degrees paſt the Plain, then 
take the Altitude and Azimuth, and work 
accordingly to the former Rules, ...u ny 
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CHAP. IV. 


To Draw a South, or North Erect 
Declining-Dial. 


Or better illuſtrations ſake, I will draw 
Þ a particular Scheam for this Dial alſo, 
as I 41d tor the Eaſt Recliner z whoſe De- 
clinacion let it be 20 degrees declining from 
the South toward the Welt, in the latitude 
of 5 1-32 for Londoy. 

The Scheam is drawn by the former di- 
xections ; che Pole of the Plain being at D, 
declining 20 degrees from S toward Wzand 
the Plain ic ſelf 1s repreſented by the Line 
AB; the Circuler pricked Line DHPC is 
a certain Meridian drawn through the 
three given Points DP C, whoſe Centet 
will be in the interſe&ion of the Plain A B, 
and the Tangent Line for the hours, which 
being drawn, whatſoever Z H is in the half 


Tangents, Z@ is the complement thereof, * 


in the ſame half Tangents. 
4 The 


[ 63] ; | 
The Scheam thus drawn, Z H is the Suh 
flile, P H is theStile, QZ the diſtance 
of 6 from 12, HPZ the inclination of 
Meridians, or Angle between the two Me- 
ridians, wiz. of the Place PZ, and of the 
Plain P H, found by the following Canons. 


By Artificial Sines and Tavgents. 


Ii. Firſt for the Subſlile from 12. 

As the fine of 90 ZN, to the fine of the 
Declination N C 20 degrees ; 

So 1s the Co-tangent of the Latitude 
PZ 38-28, to the Tangent of ZH 
15-12, | 


2, For the Stiles Eltuation: 
As the fine of 90 ZN, to the Co-fine of 
the Plains Declination N A 70-0 ; 
So 1s the Co-fine of the Latitude ZP 
38-28, to theſine of PH 35-46, the 
Stiles Elevation. | 


3. Forthe Diſtance between 6 & 12. 
As the fine of 90 ZW, to the fine of the 
Plains Declination W A. 20-0 3 
So is the Tangent of the Latitude N Þ 


TF 51-32, tothe Tangentof AQ, the 


Co-tangent of 6 from 12, 23-18. 
wc Or 
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Or thus; 


'As Co-tangent Laude ZP 38-28, toff 
the ſnego ZPQ ; 
So is S, declination W Z A 20-0, tothe 
Tangent of QA 23-18, | 


4. For the Inclination of Meridiavs, | 


As :he ſine of the Latitude Z & 53-32, 
to che fineof go ZS; | 
So is the Tangent of the declination $ D | 
20-004to the Tangent of ZK 24-56, 
the Inclination of Meridians. 
Or, 
'As Coſine Latitude zE-2b PZ, to the 
finego PHZ:; 
So 15 the ſine of the Subſtile ZH 5-12, 
tothe fine of ZPH 24-56, I'M. Þ 
. Then having made a Table of Arks at | 
the Pole, by this Canon you may find the 
Hour-Arks on the Plain. 
T bus 
As the fine of 90 P K, to the ſine of the 
Stiles height Þ H 5 46; 
 So1s the Tangent of the Hour from t2, 
19-56 for I, & 1, to the Tangent of 
the Hour from the Subſtile on che 
Plain, H x, 12-14, 
But 


_F65) | 
But I prefer the way by Taygents befots 


it, as followeth, 


23, tolÞ ; : «he: - 
T0 Alt theſe requiſites may be found by the ge< | 
tothe neral Scale and Settorgtht Canons wharg- | 
of in brief are thus 3 | | 
bs By the Trianguler- Quadrant and Seftor; 
51-325 Sulfiilr. [! 
As — Co-tang. Lat, 338-28 Z P, 'F 
on SD To = fine 90 90-00ZN; 
24-56, So = fine Declination 20-00 NC, 
To — I Subſtiler 15-12 ZH. 
to the Þ . Sult, : 
| As — Co-fine Lat. 38-28 ZP, 
x5-12,| To= line 90 90-00 ZNg 
M So = Co-ſine declin. 50-00 N A, 


Arks at | — — fine Sule 35-46 PH. 


anos Diſtance bitwers 6 & 12. 

As — fine Declin, 20. o W A, 
e of the To — fane of 90 9G- O 7 Wz 
Sois = C.T. of Lat, FI1-32 NP, 
om x2, To—C.T. 68 12 23-18 A Qz 
gent of Tangent 66-42, 

on che | 
li E Inclination 
But 


F4 


a-190 1909 79) HER . 
: Inclinations of £Meridiang: 
' 'As — I declination 20- o SD, 
T6 =fme Latitude ' 51-32 Z ©; 
-» So'=fine gg." © *go0-00 ZS, 
To — T. Inclin, Merid: 24-56 & K- 


+ .. 


Þ Fhele-Requiſires-ate alſo found by the 
particular Quadrant, very realy and truly, 
tor that Laticude the Rule is made tor, in 
this mahner, | 

../I.. Firſt, for the Subſtile, 
Lay the Thred' to thecomplement of the 
Plains declination, counted on the Azimuth 
Line, and on the degrees ir giverh the Sub- 
Nile from x2, counting from 600 on the 
Moveable-leg, ' 
we Example, 

The'Thred laid to 70, the complement of 
20 on the degrees, . gives .15-22 for the 
Subſtile, Dr To 


TT 2. For the Stiles height. av x 
Take the diſtance between 9o, -and the 
Plains declination on che Azimuth-line, and 
meaſure it on the particular Scale from the 
begin: ing, and it ſhall give the Angle of the 
Sules-Elevation above the Subſtile, 35-46. 
3. For 


any 


= 


NR 


- - 
- 


LA 
Cy 


| 
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3. Foy the Inclination of Miridians: 


Take the Subſtile from the particular 
Scale of: Alticudes;* *and meaſure on. the 
Azimuth-hine from gay and ir ſhall give the 
complement of the Iiiclination of Mer; id1ans, 
or the Angle *counting-from 90. viz. here 


24-56, 


4+: To find the Angle between 12: & 6. 

Take -the Plains 'Declination from the 
particular Scale of Altitudes ( lefs by 'the 
tine of the Declination, -to a Radius equal 
to 45 minuts of the firft degree on the par- 
ticular Scale of Altitudes); and lay it from 
90 on the Azimuth Scale, ard tothe Com- 


pals-pointlay. the Thic, then on the Line 


of degrees, the Thred gives the complement 
| of 6 from-x2, counting\ from 60 coward 
| the end, as here 3c is1mthis Dial 23-18. 


Alſo, the requiſices may be fund Geo= 

| metrically by the Scheam, thus ; 
Ar, 

T1, A Ruler laid froni D to H-in'the 
Limb, gives F; the Ark CF is the'Sub- 
{Ule, 

2. A Rulcr laid from @toP in the Limb 
aives I, the Ark Al isthe Stiles height. 

E'2 3. A 
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2. ARule laid from Þ to @, cuts the 
Limbac T ; the Ark TE is the Inclination 
of Meridians, 

Or, 7 

ARule Iaid fromP to K, cuts the Limb 
atL; then SL is the Inclination of Meri- 
dians, | 

4. A Rule laid fromDtoQ_, cuts the 
Limb at. 6, the Ark C6, 1s the Angle bee 
tween 12 and 6, 

5. A Rulclaid from D, to the interſecti- 
on of any other Hour-line, with the Plain 
AB on the Limb, gives Points, whoſe di- 
ſtances from C, are their Angles from 12, 
or their diſtances from F, or theix Angles 
from the Subſtile, 


To Delineate the Dial by the Sutter. 


Thus by any of theſe wajes, having gotten | 
the Requiſites, proceed to draw the Dial | 
thu ; 


Firſt, Draw a Perpendiculer-line on the 
Plain-C B, by a Thred and Plummer ; then 
if it be a South Decliner, at the upper-end 
make a Center, as C; and on that Center 
deſcribe the Arch ofa Quadrant,as the Arch 
D Eonthe Center C; then in that Arch by 

hs Szncs 


gotten 
Dial 


n the 
then 
-end 
enter 
Arch 
ch by 
Sines 


A. 
Sines or Chords lay off from D the Subſtile, 
and upon rhe Subſtile, che Stiles height , 
and the Hour-line of 6 by the Angle be- 
tween I2and 6; and draw thoſe Lines as 
you ſee 1a the Figure, contrary to-the Coaſt 
of Declination ; then draw two Lines paral- 
lel co x2, as6 G, and43g H; then fic the 
diſtance of the Parallels from 1 2,1n the Sc 
cant of the Plains declination 205 and 
take -out the == Secant of the Latitude 
51-32, and lay it from 6 co G, and from C 
on the Line of 12 to F, & draw the Line G F 
tro HY which Line is a = to the Hour-line 
of 63 then make F G Radius, or the = 
Tangent of 45 ; and before you prick oft 
the Hours, take out the = Tangent of the 
Inclination of Meridians ; and if it reach 
from F to the Subſtile,on the Line F G, your 
work done is true, elſe nor, 
Then, 

Take out the == Tangent of 30, & IF, 
and the reſpective quarters, and &c. as 
before ; then make 6G a = Tangent of 
45, and do likewiſe as before, in the Hort- 
zontal and South Dials, and to thoſe Points 
draw the Hour-lines required, 
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2. To Draw the Hogr-lines on a North- 
Declaning Dial. 


The-Requiſites, as Subtile, and Stile, In- 
clination ot Meridijans, 6 & 12, are found 
the ſame way, and-by the ſame Rules, as the 
South Decliners are done, Burt when you 
come to delineate. the Dial, there 1s fomc 
alteration z whuch I conceive is beſt ſeen by 
an Example, as Northeaſt declining 35 deg. 
Lar.5 1-32; at London. 

Firſt, as beiore, draw a Perpendiculer- 
line fox x12 a Clock, as A B 3 then about 
th. nuddale, or toward the lower-part of that 
Line, as at C, make a Point for a Center, 
as C ; then on the Center C deſcribe the 
Arch of a Circle, that way, from the Linc 
A B, as 1s contrary- to the Coalt of dceclina- 
tion, as if the Plain declines Eaſtward, as 
here, draw the Arch Weſtward from A B, 
as BD; andthecontrary way in North- 
weſt plains z and on that Ark lay down the 
Subſtile ſrom 12, and the Stiles hcight.above 
the Subſilzle, and the Hour of 6, by the 
Anzlcof 6 & 12; and then, by thoſe Points 
an4 the Center, draw theſc Lirics. 

Then, at any difiance, draw a Line —tq 
32, (0 AB) as the Line EF, ard make 

V 4D. chat 


» 


'D aw 


the 


fe, In- 
founc 
as the 
1 you 
s {fomc 
zen by 
5 deg. 


iculer- 
about 
of that 
enter, 
be the 
|C Linc 
cclina- 
rd, as 
1 A D, 
North- 
wn the 
>a þoVe 
by the 
Points 


Ee M0 
| make 
that 


> 


7T |. 
chat diftance a = ns, 35, the decli- 
nation 3 the Sector fo et, rake our the - 
Secant of the Latirudeg1 5 2, and lay; 6 
the Parallcl-line from 6'to 9, then (ve 
6-9, the meaſure the Compaſs ſtands ar, a 
— Tangent of 45 ; and take out the = 
Tangent of 15-30, &c. and lay them both 
wayes from 6, upwards and downwards : 
alſo, for the hour of 10,as the Seftor ſtands, 
take out the — Tangent of 60, and turn it 
4 cimes from 6 on the Line EF; and (when 
you want it) the = Tangent of 75, and 
curn that alſo 4 times from 6, for 11 2 
Clock-linez; and then by thoſe Points 
draw Lines for the Hours required, x 
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CHAP, V. 


To Draw the Hour-Lines on 4 
Dial falling near the Meridi- 
an,whoſe Stule hath bat a ſmall 
Elevation, and therefore na 
Center. 


(He former Examples may be ſufficient 
'T co the conſiderate, to draw any Erect 
Declining-Dial having a Center 3 bur when 
the Stile happens to be leſs chan-15 deg. of 
Elevacion ; then, if ic be not augmented by 
caſting away the Center, che uſetulneſs, and 
h:nJſomneſs of the Dial is I-N 3 now uf 
you draw the Dal by the former Rules on a 
Table, and cur off ſo mucin, and as many 
Hours as you care for, the work 1s per- 
formed, 

But then you ſhall find, chat Ing Rulers 
and Lines will bewancing ior a unail Dial ; 
| thiEICe 


al ; | 
LigT _ 


7 
erefore I prefer this way following by the 
| Ror, general in all Dials. 


Lat. $1-32 | 
d. Mis 
S.W. 80-25 
Sub. 38- 4 
Stile 5-56 
5 8& 12 38-51 
L, M, 82-30 12 
75-00 
67-30 I 
60-00 
52-30 2 
45-90 
"J7*I® I 
39-00 
22-30 4 
I5-0O 
10-30 F 
OO-OO = 
07-30 6 
I 5-00 
22-30 7 
30-00 


37-30 8 


bd 


1 


F the Subſtile from 


Firſt, on or near the 
North Edge of the 
Plain, in far South de- 
cliners, ( but near to 
the South-edge of the 
Plain, in far North- 
decliners) draw a per- 
pendicular. Line, re« 

reſenting the Hour. 
line of 12, asthe Line 
AB in our Example, 
being a Southweſt de- 
clining 8 deg.25 min. 
then,in the upper-part 
of that Line, 1n South+ 
declinersz or about che 
middle, or lower-part 
1in North-decliners,ap- 
point a Center, as here 
at A; thenupon A, 
as a Center, as es as 
you may , draw an 


Arch as BD; andin 


that Arch, or rather 


by a Tangent-line, lay 
B to D, and draw the 


lac A D, as an obſcure Line, for the preſent 
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74 ; 
only to be-ſeen; and upon that, the Stiſe- 
line, as before : Theh. at any convenient 
places, as far from the Center as you can, 


draw two Lines Perpendiculer to the Sub-: 


ſtile, as the Lines CE, F G, for two contin- 
gent Lines, ( antiently aud properly fo cal- 
led) 3 then by the Inclination of Meridians, 
by the direRions in the Eaſt 'and Weſt Re- 
cliner, being the zth Dial in che'2d (hapter, 
make the Table of Hour-Arks -at the Pole, 
by ſerting down, againſt 12, 82-30; and 
raking out 7-30 for every half hour, til] 
you come to 00 at: the Subſtile ; and then 
by adding 7-30 for every halt hour, and 15 
for every hour, to $2, as long as the Sun 
{hines; which in regard it falls on an even 
hal: hou, 1s che moſt eafie, and firs the Points 
in the Tangent ready made for hours and 
quarters, 

The next work, 1s to reſolve what hours 
ſhall come on che Plain, as will be beſt dc- 
termined by the diſcreet Qrderer, or Sur- 
veyor, or experimental Dialiſt, as here 8 
and 13 and for thoſe cwo-hours, mark the 
upper contingent Line in two places where 
you would havethem to be, asarE.and C ; 
then take the — Tangent of 37-30 for 8, 
from the ſmall Tavgents, and. add it to the 


»— Tangent of 67-30, the Tangert for x5, 


* .- and 


Stile- 
nent 


can, 


Sub- 


ntin- 
> cal. 
1ans, 
t Re- 
pters 
?ole, 

and 
, Lil 
then 
d I 
Jun 
even 
o1nts 
and 


Ours 
- de- 


Sur- 


"TE ] 
and behold ! it makes the — Tang, of z2-3 3, 


Then, 
Take the whole ſpace CE, and make ir a 


== Tangent-of 72-33 ; then take our the 


= Tangent of- 67-30, and layit from C to 
Hs; and take alſo in.the ſame common-line, 
right againſt rhe ſmall Tangent 'of 37-30, 
which 15 1n the; large Tangent 10-50, the 
= Tangent of xo-5o, taken for 37-30, be- 


ing laid from.E,. the place for 8, will meet 


juſt at H ; which Point H, 1s the true place 
for the Subſtile, . to fit and fill the Plain, 
with the hours determined, 
 : Then, 
The Sector ſo ſet, Take out all the = 
Tangents above 45, as in the Table, and lay 


them the righe way from H, toward C, and 


E; then take out = Tangent of ſmall qy ; 
and ſetting one Point in H, ſtrike the touch 
of an Arch, asarIz then make HI a= 
Tangent in great 45, and take out the = 
Tangents of the reſt of the hours under 45, 
as iti the Table, and lay them borh wayes 
trom 1, becauſe the Subſtile falls on an even 
half hour, Then, 

Draw the Line HK, = to the firſt Line 
A D., for the true Subſtile ; then make H K 


;Radius, or the Tangent of 45, and rake 


out the Parallel Tangent of 5-56, the Stiles 
2 | heigut, 


. I 
-_ 
_ 


- 5 SSL EZ oo wha onons eh eacares 
* LA 
, 
= W=_ OS ee — — 


-26 
heizht, and hay ic from Kto Ly; then taxe 
H I, the firſt Radius, and ſetting one Point 
in L, draw the touch of an Ark as by Mz 
then draw a Line by the Convexity of the 
Arches by Tand M, forthe trne Stile-line, 

Then, | 

Take thie neareſt diſtance from the Point 
K, to the LineIM, and make it a = Tan- 
gent of 45, the greater- Radius, and take 
out the = Tangenrs, ' as in the Table, and 
lay them from 'K both wayes 3 and then 
Hhſily, by thoſe Points draw Lines trom the 
hours required. 

Note, Thar if in ſtriving to put too many 
hours, the ſum of the two extream hours 
come to above 76, it will make the hours coo 
cloſe together, and put. you to much more 
rrouble. 


eMlſo note, If your Rule prove too ſmall, | 


then take the halt of the ſum of both the 
Tangents, and turn'the Compaſlcs ewice, 

Alſo, It you be curious, you may ule the 
Natural Logarithm Tangents, inftcad of the 
Line of Tangents, bur this will ſerve very 
well. | 

This 1s a general way of 21:2menting all 
manner of Dials, when the 5iutes height 1s 
low, as under 15 degrees ; and as ready a 
way as'you meet withinany Author what- 
loeyer, | CHAP. 
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CHAP. VI. 


To Draw the Hour-Lines on De- 
clining Reclining Dials, 


Þ OR the compleat and true drawing of 

theſe Dials, that you may plainly ſee 
their AﬀeCtions and Propercies, it will be ne- 
ceflary to have a Scheam for every variety ; 
in doing whereof, I ſhall follow the Method 
that Mr. Wells, of Deptford, uſed in his gre 
of Shadows z which will comprehend any 
ſort of Reclining and Declining Dial, under 
6 varieties, v1z. 3 South Recliners, and 3 
North Recliners ( the Inclining being their 
oppoſites, and no other, as afterwards is 
ſhewed). 

Wherein I ſhall be very brief, yet ſuffici- 
ently plain, toa Mathematical Genizs, and 
render the Canons, by Artificial and Na- 
tural Sines and Tangents, and draw the 
Dial by the Sector, the fitteſt Inſtrument 
tor that uſe ; With other occurrent Obſer- 
vations, 


78 


- vations, as they come in place, and the way} 


Nor 


by the Scheam Geometracally allo. | Mani 

'3 And firſt for a South-Declining, Re: I P<2* 

clining Dial, - declining from the South ro-# id 

ward the Weſt 35 degrees, and reclining f ſeth, 

| from the Zenith-20 degrees, being leſs chan | _ 
| 


to the Pole, UI falling from you, between | 
che -Zcnjch, and; the Pole ; |. As the Cirche | <6 


AEB, repreſcnting the Reclining Plain, | the | 
plainly ſheweth Þ being the' Pole; and Z the } | , 
Zenith, ' | to th 

from 


>The: manner of. drawing''this'Scheam, 3s ; ET 
plainly ſhewed:before, ( Chap:3.) both ge= | Þ,©e 


nerally and particularly for the drawing of | Pla 
Dials, andthe Example there, is the very | ([P* 12! 
Scheam for this' Dial; wherein. you may | [F thi 
further conſider, That the Perpendiculer- | [59 
line is right before you; and when you look | Þ1**% 
right on this -Plain char declines Southweſt, Þ Ps 


the North is before you on the left hand, } 
the South behind you on the right hand 35 | 3 To 
degrees, the Eaſt on the right hand,the Weſt |} * 

on the left; rhe Line CD the perpendicu- Jy 
ler-line right before you, repreſenting the Þ, 
Perpendiculer-line on the Pla, 'A B the 4 
Horizontal-line, Z E the quanrity. of Recli- 
nation, ÞP. E:che Stiles Elevation above the 
Plain, having the South Pole clevared above , 


the lower-part of the Plain, becauſe the 
North- 


3, & #88 
North-Pole is behind che Plaing,\E G the di. 
Nance on the Plain, berweem- the Plains per- 
endiculer, and the Meridyan,. ( being co be 
[aid Eaſtwards, as|the Dial-draught ſhew- 
eth, beſides that. general Rule before hinted, 


"| [that whenſoever a Plain, declines Eaſtward, 
o» | I che Subſtile Line muſt ſtand Weſtward, and 
<4. che contrary; for che Arch whereonto prick 
-. | [the Subſtile,and Stile is alwayesco be drawn 
he | [on that fide of the Plain, which'is contrary 
| Fo thecoaſt of declination) *EF the diſtance 

I | from the Subſtile and Perpendiculer, to be 
%: | Plaid the ſame way'; GP the diſtance on the 
of | (Plain, from 'the'Subſtile to the Meridian, to 
Ty | pe laid the ſame way alſo; the Angle FPG, 
ay { [3s the Inclination of Meridians ; All which 


_ | FRequiſites are found by theſe*Canons Arith- 
ok. | [erically, or by the Artificial and Natural 
ſt, ' | Sines and Tangents, SHY 79 EV 


4 i\þ 
35 | 7+ To fixd the Diſtance,of 12, from the 
eſt | 3 Perpendiculer EG, or Horizon A G, by 


yy 1 the ſecond Axiome of My. Gellibrand, 


he ' Vi1Z, that the Sines of the Baſe and Tan- 
the } gent of the Ptrpendiculer are proportio- 
lic F| nal, : oa 


By 


: © 


[ $0 
B bl the Seftor and Quadrant; 
As fine 90 Radius, Z D 90-05 
To Tang. of Declin.Plain ND 35-09 
So fine of Reclin, Plain ZE 20-09 
To Tang, of Perp. & 12 EG 1z3—28 
Whoſe cormplement AC 76=—22 
is the diſtance from the Eaſt-end of ih: 
Hor1zon to 12. 


As — Tangent of ND 35— © 
To = Sine of ZD 9go= o 
et: So = Sine of ZE 20= o 
' i 14.124 To — Tangent of EG 13—-28, the 
[18 NR diſtance of 1 2, from the Perpendiculer. 


EY 
"1 2. To fixd the Diſtance on the Meridian 
8 19H from the Pole tothe Plain, P G, by thi 1 
1" 3 Propoſitions of My. Gellibrand, th!F « 
2.14 Sines of the Sides are proportional tothif » 
I 188 ; Sings of their oppoſite Angles. mW” 
{1 i 245 F. 


By the Quadrant and Stttor. 2 


As the ſine of che Per- < 
pendiculer fromz2z{\ GE 13-26 
To thi fine of declination GZE 35-00 
So 1s the fine of 90 GEZ go- of 
To the fine of the diſtance 
on the Meridian, from = GE 23-55 


Plain to the Zenith —— \ ; 
_ A 


p} 
, the | 
diculer. þ 


ſeredian; 


x 3-26 


35-0} 


90- OF 


23-5 
al 


[ 8x } 
As — fine 90- oO GED, 
To = fine 35= o GZE; 
So = ſine 13-28 GE, 
To — fine 23-55 GZ, which takerj 

from 38-28 gives PG 14-33, 
Which being taken from 38-28, the di- 
ance on the Meridian from the Pole to the 

Zenith, leaveth the diſtance on the Meri. 

dian of the place, from the Pole to the 

Plain, viz. 14-3.3, as a help to get the next, 


3. To find the Height of the Stils as 
bove the Plain ÞP F..- | 

In the two Triangles ZG E, andP GF, 
which are vertical, -by che ſecond Conſetta. 
ry of Mr. Gellibrayd ; If two Perpendicu- 
ler Arks ſubtend equal Angles, on each fide 
of the meeting, then the Sines of their Hy 
pothenulaes, and Perpendiculers are pro=- 
portional, ( and the contrary) 3 tor the 


| Angles Z GE, and PGPF are equal Angled 
| atG, andZE,andPF, areboth two per- 


pendiculer Arks on the Plain A B. 
A” T berefore, 

As the fine of the Hypothenuſa G Z, to 
che ſine of the Perpendiculer ZE; 

So is the (ine of the Hypothenula P G, to 
the fineof che Perpendiculer P F, and 
the contrary. 

Then 


1 $2] 
Then thus, by the Quadrant and Seftors 


As fine of the Arch of the” 

i Wl Merid, from the Zenith ZG 23-57 
4 1-11 OP to the Plain, TS, 

t #1. NR? To fine of the Reclination - ZE 20 00 
' 11:1 1R4A So is the fine of the Arch 

i, [9.00 (HAM ' on the Meridian, fromp PG 14-33 
13:46 HOO the Pole to the Plain 


"%|(9FP '"To fine of theStiles height PF 22-13 
l Ws 6 ' As — fine of PG 14-33 
181088 . To'= fine of ZG 23-58 
11: K10L2 So — fine of ZE 20-00 
SAN; - | To — fine of PF 12-13 
#1118 4 To find the Diſtance of the Subſlile 
| We from the Meridian, G Fe 


In the ſame Vertical Triangle, having the 
fame acute Angle at the Baſe, the Tangents 
of the Perpendiculers, are proportional to 
1111088 the Sines of the Baſe, by the ſecond Axome 
[VINE of Mr, Gellitrand, : 


Therefore, 


ms pm nap eg 
ppo—_—_— © a 


at A EC I aA In I EY OE rn 
* > 


_ - fil 
\ 
1 


REFS 


; 
? 


EW 


Therefore, by the Quadrant and $ifor; 
As the Tang. of the Reclin. ZE 20s o 


To the ſine of the Diſtance 
on the Plain, from ee E x3-28 
Perpend, to the Merid, 
Sois the T.of the Stils height PF x2.13 
To the S. of the Subſt.fr. x2 F G 7-58 


As — fine of GE 23-28 
To = Tang. of ZE 20- © 
So —=Tang. of PF 12-13 
To — fineof FG . 3-58 


5. To find the Angle between the two Mex 
ridiens, of the Place and Plain, viz. the 
Angle, P FG, 

By the third Propoficion of Mr.Gel;braud, 


Ir is proved, That the Sines of the Sides are 
proportional to the Sines of their oppoſite 
Angles, and the contrary. 


: Therefore, by the Quadrant and Setter, 


| +As the fine of rhe Diſt, on the 

' Merid. from the Pole to Plain PG 14-33 
\!Tothe $. of 90, the opp. Angle PFG 90-00 
So 15 the S. of the Subſt. tr. x12, FG 07-58 
| Tothe S, of the —— "7" FPG3 "Y 8 
| 2 $ 


['Y 


[ 84] 


As i= fine of the fide 07-58 FG 
To =. fine of the fide 14-33 PG 
So = line of the Angle go-oo0 PFG 
To — fine of the Angle ' 33-28 FPG 


The Angle 


By Angle of  Inclinations of Meridians, | 
make the Table of the Hour-Angles at che F 
Pole, by the Dirc&ions, Chep.2. which be- | 
ing made as 1n the Table, draw the Dial in | 


this manner z 


|12 33-28 
4 12 18-28 © 
} 2 3-28: 
Sub, 
| 3 11-32 
{ 4 26-32 
{ 5 41-32 
6 56-32 
7 71-32 
S 86-32 
9 78-28 
(110 63-28 
11 48-28 
[12 33-28 


WP 


—" ſlilez and beyond that, 


berween the 2 Meridians, | 


Upon AB, the Horizon- | 
tal-line of your Plain, de- 
{cribe the ſemicircle AEB, þ 
and from the Perpendicu- f 
ler-line CE of the Plain, Þ 


lay off x3-28 Eaſtward 


for the x2 a clock Line, on 


che Plain, or the _ 
ment thereof 76-32, fr 


draw the Line C +. 
Apatn, Set furcher Eaft- 
w__ from 12, 7-58, the 
diſtance of the Subſlile 
from 12, to F, and draw 
the Line C F for the Sub- 


. ſet 


OM 


the Eaft-end at Bro +, & 


G 
G 
FG 
P G 


lians, F 


lians, 
it the 


jial in 


rizon- | 


1dicu- Þ 


Plain, 
tward 


1C, ON 


_— 
,, from 


+, &| 


r Eaſt- 
-$, the 
zubſlile 
] draw 
1e Sub- 


4 char, 


. {et 


8 


[ 35 
| ſetoff from F 12-1 3,the Stiles height above 
| the Subſtile to G, and draw C G allo, 


Then, 
Draw a contingent Line perpendiculer to 


| the Subſtile C F, as far from the Center as 
| you can, as the Line H 1; then take che 
| neareſt diſtance from the point F, to the Line 


C G, and make it a = Tangent of 45 ; then 


"os the Sector being fo ſct, take out the = Tan- 


gents of all the Hour-Arks in the Table, and 


| lay them both wayes from F toward H aud 
I, as they proceed z rhen Lines drawn from 


the Center C, and thoſe Points ſhall be the 


| Hours required, 


Or, 
Haying in that manner pricked down 


; 12, 6&3 ( orany other Hours 3 hours 
| diftant) draw two Lines on each fide 12 
| =to 12, and meaſure the diſtance trom 6 


to 3 in the =, and lay it from C the Center 


on the Line x2 3 and by thoſe two Paints 


draw a third Line, = to the 6 a clock-line 
then 6-3, and 12-3, made a = Tangent of 
45, thall be the two Radiuſles to lay off che 
Hour-lines from 6 & 12, as befare in the 
tormer Dials, And the = Tangent of In- 
clination of Meridians,doth prove che cruth 
ot your Work here alſo, as well as 1u the 
Decliners ErcQ, Sf b 
F 2 But 


Wk 
But note, That this Dial is better to be 
augmented by the lofing the Hours of 8 
and 9 inthe morning; which makes the 
Hours more apparent, as you ſee. 
Alſo, the Requiſites formerly found, may 


Geometrically be found by the Scheam, be» | 
ing large and truly drawn, as before is f 


ſhewed inthe other Dials, Tha, 


1. A Rule laid from Q, the Pole-point of | 
the Plain, to G che Point of x2 on the Plain, | 


gives 1n the Limb the point'12; D 12, 
x 3-28, 15 the diſtance of x2 a clock-line on 
the Plain from the Plains perpendiculer- 


lineZD, ( and co be laid from the perpen- 


diculer-line on the Plain Eaſtwards in the 


Dial ); and the diſtance on the Limb from 
A to 12, isthe Meridians diſtance from the | 
Faſt-end of the Horizontal-line on the 


Plain, namely 76-32. 


2, A Rule laid from Q roF;on the Limb, | 
gives the Point Sub, for the Subſtile 3 and 


the Ark Sub. 12, 7-58, is the diſtance from 
I2,o0r the Ark Sub, D 21-26, the diſtance 
from the Perpendiculer. 

3- A Rule laid fromQ to 6, the place 
where the 6 a clock hour-line on the Scheam 
cuts the Plain, gives on the Limb the Point 
6,the Ark © 12, 25-38, or 6D, 38-586, is 
the diſtance of the Hour-line of 6 on the 

| E On ns, 


$7 
Plain, from the Hour-line 12, or the Per- 


to be 


of 8 pendiculer, 
ogg | 4. A Rule laid: from Y, the Pole. point | 
* = | of cheCircle QFP, coP &F, on thelimb, j 


gives twa points I K, and the Ark T K is the 


: _— Stiles Elevation 12-13. 

Fe is | . 5+ ARulelaidfromPtoY on thelimb, 
| gives the Point Mz EM is the Inclination 

ine of | Of Meridians : or, a Rule laid from P,toche 

Plain, þ interſe&tion of the Circle PFQ » and the 


D 2. | Equino&tal-line, gives a Point in the Limb 
*F nearC, which Ark CS, is more naturally 


rare | the 2 between the two Meridiang, | { 
_ | 3 3-20, or, | | 
5g roms {| Tf you like the way of referring this | 
2m the Plain to a new Latitude, and to a new D&- io 
n the clination in that new Latitude, | 

| 
Limb, 


6. ARule laid fromE, to Pand GC, in 


T hen thus by the Scheam; q 
; Ap the Limb gives Land O; the Ark L O is | 


as the complement of the new Latitude, being J 
many the Ark PG, the ſecond requiſice, in the [| 

e place former Calculation being 14-33, the di- 

vcheam ſtance on the Meridian from the Pole to the 

> Point Plain, I 
-56, 5} F 4 7. A Þ 
on the [A 


Plain , 


£857 
But note, That this Dial is better to be 
augmented by the lofing the Hours of 8 
and 9 inthe morning; which makes the 
Hours more apparent, as you ſee. 
Alſo, the Requiſites formerly found, may 


Geometrically be found by the Scheam, bes» | 


ing large and truly drawn, as before is 
ſhewed inthe other Dials. The, 


1. A Rule laid from Q, the Pole-point of | 
the Plain, to G che Point of x2 on the Plain, | 


gives in the Limb the point'12; D 12, 


x 3-28, is the diſtance of x2 a clock-line on f 


che Plain-from the Plains perpendiculer- 


lineZD, ( and to be laid from the perpen-| 
diculcr-line on the Plain Eaſtwards intheF 


hn 


Dial ); and the diftance on the Limb fromf 


A to 12, isthe Meridians diſtance from thef 
Faſt-end of the Horjzontal-line on the 


Plain, namely 76-32. 


2, A Rule laid from Q to F,on the Limb, 
gives the Point Sub, for the Subſtile; andÞ 
the Ark Sub. 12, 7-58, is the diſtance from 
12,or the Ark Sub, D 21-26, the diſtance 


from the Perpendiculer. 


3- A Rule laid fromQ to 6, the plac 
where the 6 a clock hour-line on the Scheanf 
cuts the Plain, gives on the Limb the Pointf 


6,the Ark 6 x2, 25-38, or 6D, 38-56, is 
the diſtance of the Hour-line of '6 on the 


_ —_ 


Plain 


r to be 
rs of 8 
es the 


d, may 
m, bes» 
fore 1s 


zoInt of 


D 12, 
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perpen- | 
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hn 
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ScheanF 
> PointÞ 
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On the 


Plain, 


87 
Plain, from the Hour-line 12, or the Per- 
pendiculer, | 

4. A Rule laid: from Y, the Pole-point 
of the Circle QF P, coP &F, on the limb, 
gives twa points I K, and che Ark T-K is the 
Stiles Elevation 12-13. 

5. A Rule laid from P to Y on thelimb, 
gives the Point M3 EM is the Inclination 
of Meridians : or, a Rule laid from P,tothe 


Plain, | interſe&ion of the Circle PFQ , and the 


Equinoctial-line, gives a Point 1n the Limb 
near C, which Ark CS, js more naturally 
the Angle between the two Meridian, 
33-28, | 


ry 
If you like the way of referring this 
Plain to a new Latitude, and to a new De 
clination in that new Latitude, 


T hen thus by the Scheam ; 

6. ARule laid fromE, to Pand G, in 
the Limb gives Land O; the Ark L O is 
the complement of the new Latitude, being 
the Ark P G, the ſecond requiſice, 1n the 
former Calculation being 14-33, the di- 
ſtance on the Meridian from the Pole to the 


Plain, 
| F 4 7A 


[88 1 
». ARulelaid from G to Q on the limb, 
gives R, the Ark SR 1s the new declination 
in that new Latitude, 32-37, 


Or elſe find it by this Ryle; 


As fine of 90, to the. Co-ſine of the Recli- 
nation, or Inclination ; 

So 1s the fine of the old Declination, to 
the fine of the new, in this Example, 
being 32-37, and generally the ſame 
way as the ald Declination 1s, 


Only obſerve, | 

That when the North-pole is Elevated 
on South Recliners, you muſt draw them 
as North-decliners;z and. North-weſt and 
North-eaſt incliners, that have the South- 
pole Elevated, you muſt draw them 7s 
South-eaſt and Weſl-decliners, which wall 
direct as to the right way of placing the 
Subſtile, and Hour of 6 from 12, 

In this place TI ſhall alſo inſert the general 
way, by Calculation, to find the new Lati« 
rude, as well as new Declination : 


which | 


8 


þ 


[89 ] | 
Which # thus ; | 
' As Radius, or Sine of go, to the Co-fine 
; .of the Plains old Declination 

: So is the Co-tangent of the Reclination, 
 orlInclin, to the Tang. of a 4th Ark. 
4 61, | 

\ In South Recliners, and in North Incli- 
rs, get the difference between this 4h 
rk, and the Latitude of your place, and 
the complement of that difference 1s the 
w Latitude :. if the-qch Ark be lefs then 


Y xo 


. 
, 


the old Latitude, then the contrary Pole is 


evated ; burifit be equal to the old Lati. 
ude, it 15 a Polar-plain, 

j But in South Incliners, and in North 
eclinexs, the difference between the 4th 
rk, and the complement of the Latitude 
f the place ( or old Latitude ) ſhall be the 
ew Latitude, -when the 4th Ark and old 
Geicude 3s equal, .it 15 an EquinoCtial-plains 


Thus in this Example ;, 


| As fine 90, to Co-fine of 35, the old De. 
clination - 

1? So is Co-tangent of 20, the Reclination 
ro 66-03, for a gth Ark; from which 
caking 51-32, the old Latitude, reſts 


14-313 


[ 90 ] | 
24-31, the complement of the new Lati- 
tude, which will be found to be 75-29, the 
aew Latitude. 


By which new Laticude, and new Decli. 
nation, if you work as for an Erc& Dial, you 
ſhall find the ſame Requiſites, as by the tor. 
mer Operations you have done ; and th: 
diſtance of the Perpendiculer and Meridian 
will ſet all right. 


The Second Variety of South Recliners, 
reclining jnſ# to the Pole, 


x. The Scheam is drawn, as before,to thef 


ſame Declination, and the ſame way, viz, 
35 degrees Weſtward, and reclines 332, 


Now, to try whether ſuch a Plain be juſt aþ 


Polar-plain or no, uſe this Proportion; 


By the Seftor; 


As the ſine of 90 DA 90- © 
To Co-fine of Declin. NA 55- © 
So Co-rang. of Reclin. D E 56-57 
To Tang, of Latityde NP 51-32 


ew Lati. | [ w_ L 
-29, the As — Co-fine Declination N A 55-06 


| To =fine of AD 9o-00 
v Decli. So is = Co-tang. of Reclin. D E 56-57 } 
al, you being taken from the ſmall Tangents, f 
the for.ſ] To — T angent of NP g1-32 f 
ind the being meaſured from the Center on the | 


(eridianf © fame ſmall Tangents, | 


Which 4th Ark, if it hic tobe right the 
Latitude, - then it 1s a declining Polar-plain, 


"872 Þþ or elle not. 

b 

'to thel 2+ If you have a Declination given, ts f 

7 viz | which you would find a Reclination to | 

_ mM | make it Polar, then reaſonthus; | 

. z f- 

_ , By the Seftor ; | | 

; \ ' AstheCo-ſineof theDeclin, AN 55- © | 
To the Radius or Sineof AD 90- 0 

' Sois the Tang, of theLat. PN 51-32 | 

: To the Co-tang,of the Rechn. DE 56-57 | 


As — Tangent of NP 51-30 8 
To=Sineof =—AN 5-00 ' 

| So =Sine of AD 9go-o00 i. 
AS To— Tangent of DE 56-57 


$7; 3 


Lair cio - 


[oz ] rl 
»  2.. If the Reclination were given, and _ 
the Declination required to make it a Polar, - ( 
then che Ganor may be chus; _ 


Ment rrary 

By the Seftor ; = | 

As the Co-tang.of the Reclin, DE 56-57 p, & 

To the Radius, or Sine of =AD go-ooJ:* 

So is the Tang. of the Lat. ' NP 51-32 A 
To the Co-fineof the Declin, NA 55-00 

7 


As — Co-tang. Reclination DE 56-5 7 
To = {ine of AD 90-00 
So =— Tang. of Latitude ND g 1-32 
To — Co-fine of Declination N A 5 5-00 


But by the Scheam, theſe three Operations 
are fonnd by drawing the Scheam. 


x. For if the Line or Circle, repreſent. | To 
ing the Plain, cut the Pole P, it. is a Polar- & 
D.al. By 

2, Tf AB, the Co-declination, be given, bg 
then draw the Circle A P B, and itgives E; 


then ZE 1s the Reclination, meaſured by - 
halt Tangents ; ora Rule Iaid trom AtoE | C 
on the Limb, g1VeCS an Ark from B . which T 


Meaſurcd on fit Chords, is the Recligat- 


on, 
3.It 


n, and 
Polar, 


56-57 
90-00 
FI-32 
F 5-00 


56-57 
} 0.00 


wy : 4 9 3 ] ; : IN 
3. If P, the Pole-point, and ZE the. 
Reclination, be given ; then, with the dr- 
ſtance Z Ez on Z as a Center, draw an Ark | 
of a Circle in that Quadrant which is.con- qi 
rrary to the Coaſt of Dedlination, obſerving. x 
the letters in the Scheam; then by the 
Convexity of that Ark;:and the Pole-poine [1 


P, draw the Circle P.E,..cutting the Limb j 
into two equal parts, which are the points l 
A & B, the declination required, | EY l 


This being premiſed, there are two things | 
' requiſite to be found, bifore you tan draw. | 
the Dial, viz, the Sulſtile from thi 


F1-32 
5-00 


ations 


ſent. 
olare 


lyen, 
SE 2 
| by 
to E 


hich 


3. If 


Perpendiculer or Horizon, and the In- 
clination of CMeridzans. 


1, And firſt for thi: Subſtile, bythe 
| £9 Sector, * re 
| As the fine of 1-211 3-- DBZ 9g0-. © 

To the Co-line of the Lat. PZ 38-28 \ 
| So the fine of rhe Declination Þ Z E '35-00 { 
| To the fine of Subſtile from Perp,P E 20-54 | | 


| As — fineof Declination PZE 35- © 
| To = fine of PEZ 9go- Q 
| So —= fine of Co-latitude PZ 38-28 
To — fine of Subſtile tromPerp,F E 20-54. 


The 


” [54] 

| The diſtance of the Subſtile from the 
Perpendiculer, whoſe complement 69-06z 
js the Elevation above the Horizon, | 


- 4. wa | 
A Rule laid from Q, to Þ, gives I; DI 
is 20-5 4+ | | 
. 2+ For the Inclination of Meridians, ſay, 
By the Seftore | 
As the Co-fine of the Laticude P Z 38-28 
To the fine of © PEZ 90-00 
So the fine of the Reclin., , ZE 33-03 
To the Co-ſine of Incl, Mer. ZP E 61-15 
Whoſe complement ZPQ 28-45 
| is the Inclination of Meridians required, 


As — fine of Reclination ZE 33- 3 
To = Co-ſine of Latitude PZ 38-28 


So =line of go .- PEZ 9go-0ofſ 
To — Co-fine of Incl. Mer, ZPE 61-15] 
Whoſe complement QPZ 2845] 


is the Inclin, of Meridians required, 


Or, | 
A Rule laid from Þ to Y, gives Mz EM 
is 28-45, the Inclination of Meridians. 
The Scheam being true drawn, which be- 
ing one degree and 15 minuts lefs.chan 3o, 
the quantity of two hours, I fer x-1y a- 
gainſt 2; and by continual addition of 


T5 


1 the 
3-06; 


; DI 
ſay, 


8-28 
O00 | 
3-0Z | 
I-IF 
$-45 


uired, 


3” 3 
8-28 
\©-00 
I-IF 


8-45 


+ - I —I_——I_ 


EM : 

$. iy 
h be- 
n 30, 
If a- 
2,Nn of 


I5 


95 
5 deg, to 1-15, andthe increaſe thereof, 


p the one half of my Table, as fols 


If I take x5, the quantity 
in degrees of one Hour, out 
-of 28-15, the Inclination' of 
Meridians 3 | there remains 
13-45, for the firſt Hour on 
| the other-fide of the Subſbile. 

T hen. again, by. continual 
addition of 15 degrees to 
13-45, and the-'increale 
thereof, I make up the other 

Or elſe, Againſt 12, {« 
128445, and add xy fuc- 
ceſſively to it, & its-increale, 
ull it come to 9O., ' Then, to 
13-45, the. refidue of 15, 
taken from 28-45.; add 15 
as often as you can to 90,and 
thus is the Table made. 


To draw the Dial. 
Firſt, Draw a perpendicu- 
ler Line on your Plain, as 
C B, by<crofſuig che Horzzon- 
| cal-line*'at Righc Angles ; 
rr then 


SIRE. 5... = 
then from the perpendicuſer-Line lay of 
from-the upper-end, toward the left-hand | | 
(as the Scheam dire&ts, ZD being the Per. '* 
pendiculer,”* and Z N the Meridian, and, '3 
E P-on'the Plain, the diftance berween, be. } 
ing toward the left hand ) 2054, for thſ'| 
Subſtile:line, as CD; then on that Lin| Þ 
(any where) draw two perpendiculer Lin 
quite through the. Plain; - croſſing the Sub... 
ſtile at right Angles; -for two EquinoCtial'# 
lines, asEF, & GH. ++ £ 
Then confider what hours ſhall be put, ! 
your Plain, as here 1s convenient, from 11 
in the morning, to 6 afternoon ; ( rthouy| |; 
. the Sun may ſhine on it' from $ to 7, byg 
then the Lines'will be too cloſe togerhe 
and the Radius too ſmall). And alſo wher 
you. would have thoſs rwo utmoſt hours 
be, as at Eand F on the upper EquinoQu!$ 
line; or, at G&H on the lower contu-# 


oent-line, | | 
| Then, 


Take the — Tangent of 58.45, int 
Table for 10, and add it to the — Ta 
gent of 61-15 for 6, on the Line of ſia 
Tangents, ' and you ſhall ſce the Compal 
to reach to the Tangent of 7 3-55, th 
um of both the two extream hours; whiY 


happening under 76, will be convenici} 
al 


x2 


lay of; 
fr-hand | ; 
the Per. # 
ng and 
en, be: 
for th 
at Lin) 
er Lins, 
he Sud... 
noCtial';Þ 


e puta 5 
rom 19 
 rhoug] | 
) 7, bg 
Dgerha 
o whe!” 
hours'# 
nocti!.F 
Conti! : 


, Int) 3 
ls BY 
of ſimal 
,ompal 
FF» th 
, which 
wenic 
ai 


! 
} 
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| Jand handſome, in hats diſtances aſſunder, 


Then 
Take the whole diſtance EF, or GH, and 


-,make it a = Tangent of 73-55 ; then the 


+Sector {o ſet, take out the — Tangent of 
258-45, and lay it from the point Erol, on 


Fe Ezuinoctial-linez - Alfo, take out the 


= Tangent 61-15, and lay it from''the 
{point F; and if your work be true, ic muſt 
necds meet in the point'T 3'-then draw the 


Line IK for. the true; Subſtile, and from 


'thence lay the-== Tangent of 45> to draw a: 
Line near 5, for the Stiles Elevation, paral- 
cl co I K che Subſble z for -being a Polar- 
: plain it. hach no Elevation; but what you 


| Picaſe to augment it to. as here from Ito L. 


{ Theng + 

As the Sector ſtands, prick on all che 
awhole hours, halfs, and quarters, according 
&o rhe Numbers in your T4ble, at leaſt thoſe; 
that be above 45 z aud for thoſe under 45, 
make — Tangenc of 45- in ſmall Tahgents, 
>» — Tangent of 45 in the great Tangents, 
2nd then the Sector ſhall beſer to thac Ra- 


Wius, which is moſt conyettient for your uſe. 


1 Note, 


Vs 


Z That this way of Augmenting the S:ile, 


Þ general in all Daals. 


G 3. The 


"1's* 3 
3+ The third Variety of South- 


Recliners. 


The next and laft kind of South Recliners, 
are ſuch as recline; - 6r fall from you below 
the Pole, 12 have their Plainslying berween 
the Pole and the Horizon, as 'Þy the Scheam 
iS more apparent, i / HIT: 

| In which work, the drawing the Scheam, 
and:the-things'required;'are the fame as in 
the firkt Example, 'as.the Figare, and fol. 
lowing words, dommake make manifeſt, 

The Example here, is of a Plain that de. 
clines-from the Sourh toward the Welt 35 
degrees, and -reclines npon its! proper Azi- 
muth Z E, 60 degrees'from the Zenith. 

--T,: Having-drawn the Scheam, then firſt 
for-the diſtance 'of the Meridian. from the 
Perpendiculer, or Horizon. 


* By the Seflor,or Quadrant, 
As the fine of - Z D 9go-o00 
Ts the Tangent-of Declination ND 35-00 
S@ the fine of Reclination ZE 60-00 
Tothe Tang, of Perp,& Merid. EG 31-12 


As F 


ers, 
low 
een 
1eam 


2am, 
5s 1N 
fol. 


t de- 


t 35 
 Azl- 


1 firſt 
n the 


)0-00 
5-00 
30-00 
3 I-12 


As |} 


hs = aathaad 


' | '0-99 7 


| A3= Tn of Declination ND-: 35-00 
To == fine of vo + ZD 90.00 
So = fine of Reclindtion- ZE -60.00 

To — Tang.of Peryybt Merid. E G 31-I2 
| Who tis 58-48 AG, th 
diftance if cup the Welt-cnd of che Hori. 


IN and'the jati, © 


Or by the'Sthewn y yl 


A Rule laid from Q'to G, cuts the limb 
atL; then D L,and AL, are the Arks re- 


quired DL from:Per encieuley, nd AL 
as the Horizon, : M —_ 


2. To find P od” le Arko on - Mia 


an from the Pole co the Plain, 


By the, $ eftor. 


As fine of n AD 90- 0 
To Co-tang, of che Reglin, DE 3zo- © 
So Co-ſine of the Declination A N 55- © 


To Tang.of diſt, Plain & Horiz.N G, ie hn 


fa — Co-taugent Reclin, E D. 20. © 
o = ſine of 90 AD 90:0 
$0 = (ine of Reclination AN 55- 


Jo Tang.dift.on Mer.P.Hor. NG 25-1 , 
G 2 Which 


f 
Which being taken from NP 51-32, 
leavcthiGP 26-23,:thediftance onthe Me- 
ridian frat the Pole to the Plain; or the 


CL 


complete of oy new: Laiirudle. t 


<q 
ARule, tai fe Dd; G gives 

on Rule b 2 OR, ME maetr be- 

eweeny 15 @ b 26-1 3; EY rk required, |. 


SM To find am — 5p above 


lain, 


CATH. i 1 - By the Biftor: | 8 Jos 
As ſne'dift. Merid: Horizon., GA 58-48 


To Co-fine Declination "A N:55-00 
So fine diſt, Pole to Plain GP 26-13 
To fine St les Elevation © P F 25502 


n. 


As a G p 26433 

To fine of GA'58-48 
So = fine of AN, ,55799 
To — fincof PF” "25-0Z 


] as by Sheheim, by- Hh ing'a | 
dF, on the limb, | 
gives the diſtance betreet being 25-02, the | 


Rule from Y, to P 


Stiles Eleyation 4 


! i Ty þ 


[ xox Þ 
4+ To find the Subſhile from 12, | 
| By the Seftor, «. 
As Co-tang, of theDedlin, AN 55-00 
* To $.diſt,on Mer.fr.PIl.to Hor, NG 25-19 


So Tang, of the Stiles/height | PF' 25-02 
To:S, of che Subſtile from x2 Þ G ' 8-05 


As — Co-tang.of Declin:Plain AN 55-00 
Ta=S.diſt,on Mer. kr;P1, co Hor. NG 25-19 
So — Tang. of the Stiles heigh: P F. 25-02 
To=S. of the Subſtile from x2 FG 08-03 


By the Scheam, a Rule laid from Q_, to . 
G and F on the limb, gives. Land M 8-3 ; 
Or: elſe, the Ark M D, 1s thediſtance of the 
Subſtile from the Perpendiculer 23-19. 


. To find the Inclination of Meridians. 
© Bythe Sefter. 

' Asthe fine of the diſtance. on. Rn 

Mer, from Pole co. Plain ep & bt 


' To the fineof the Angle GFP go-oo 
| Sothe fine of diſt.of Sub.fr.zz GF c8-03 


| To the fancof theInc of Mer, GP FP 18-27 


———— oi _ 


Yr x02 ] 


 GF 08.03 
To=fne PG 25-19 
So = fine -GPP* $5600 
Tom— fine Gor 18-27 


By the Scheaniz'a Rule faid Fo Po Y; 
on'the limb, gives O;the Wrk-E O is 18-27 3 
the Inclination of Meridians, by help of 
which, tomake the” Table of Howr-Arks at 
the Pole, as before is | ſhewed, and as in the 
Table following, | 


As — fine 


x JF 


I2 =o 8 3] 
þ IO—57 ge 
I-25 
Cmmpaantuns 6 Subſt; 4; 

=o], OF 
2 IT—33 


f 86—33 81-52. 
85—=57|, 


We.) NE: 
z IJ 
SS 
d 
JJ 
Oo 


+511 


. 0%, Oh, ow 


| r8—03 


; 26-33 
34=03, 
4I—33 
48—03 
$6.33 
64—03 
ZTI==33 


78-03 : 


\ " 18-27 


155=57 
48—27 g-g6 
49-57 


[1x|33—27[55-33 


557g, 


/ 


FI. 


rr rr nn ens 


[ x03 ) 
To draw the Dial. 


Firſt, for the AﬀeCtions,conſult the Scheam, 
wherein, laying the Perpendiculer-line CD 
right before you, you ſce that che Subſtile, 
and the Meridian, are to be Jlaidfrom the 
Perpendiculer toward the left. hand, the 


/ Subſtile lying between the Perpendiculer 
| and the Meridian, and the Stile or Cock of 
| the Dial muſt look upwards, the North- 

| Pole being Elevated above this Plain, which - 


will guide all the reſt, 
| Thes, 

Firſt, draw the Horizontal-line A B, and 

on C as a Center raiſe a Perpendiculer, and 


. ſeroff by Chords, Sines, or Tangents, the 


Meridian or 12 a clock Line, the Sub- 
Rile, and Stile, as exaQtly as you may; and 


| draw the Lines x2 C, Subſtile C, and 


Stile C, 
T hen, 
As far from the Center C, as you conve- 
niently may, draw a long Line perpendicu- 
ler to the Subſtile, as the Line E H F; then 


| ſetting one Point of a pair of Compaſſes in . 


H, open theorher till ic rauch the Stile-line 


at the neareſt diſtance. 
G 4 Then, 


'n 
t 
l 
1 
{ 
'"F; 
i 
n 
4 
j 
1 
75 
« 
7 
z: 
iQ 
: 
Ml 
*g 
£ 
F 
1 
; 
4 
3 
4 
4 
f 
i 
| 
7} 
| 
£ 
| 
int 
i*; 
l 
3? 
{ 
b; 


4/0. 


I 4 
m_—_. 


— 
Wein _ cn 
_ —_ d *> _ = —— 
<EGWERNEE <2 ates yl & 4A 
IS wr I 


at OE I_—_ 
OW - 


MY _— 
_ 17 
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T hen, 


Make thisdiſtance a = Tangent of 45, 
and take out the — Tangents ofevery whole 
Hour, as in the Table, as far as the Tangenc 
of 76,w1ll give teavez and then from the 
Center C, to thoſe Points draw Lines for the 
even whole Hours z then to any one whole 
Hour, as ſuppoſe the Hour-line of 3 ; 
draw two = Lines equally diſtant on borh 
fides the Line of 3, as IK, LM. 

ben, 

Count any way 3 hours, and 6 hours 
from 3, as here x2, and 9, ſo as the =line 
may croſs the 3 remoteſt hours, as here you 
ſee 9 and 12a clock Hour-lmmes do croſs the 
—lincat TandK; then take the diſtance 
IK, and lay on the Hour-line of 3 trom C 
toN, and draw INL=roo Cz Which 
Work doth confltuce the Parallellogram 
KILM, 

Then laſily, 

Make KI, and N 1, = Tangents of 45, 
and prick oft every hour, half, and quarter 
(and minur if you pleaſe) on the cwo Lines 
I K, and LL, from K and N both wayes, as 
þetore 15 alxeady  ſhewed in the Erect De- 
elingrs, , 

Note | 


453 


Nole 
Tent 
the 
the 
hole 
33 
oth 


ours 
; line 
you 
s the 
ance 
IN C 
mich 
ram 


453 
arter 
Lines 
S, AS 
 De- 


Note * 


Me a a re re re nt EE CLIN 
On - 
i 
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Note alſo, 


_—_ 


| 1 That to ſupply the defect on the other 
J fide, when the point-M falls our of the 


'Plain, the diſtance from T,to the Hour-poine 
om 11, will reach from L to 7, and from I 


tals, | 
\ Alſo note, If you like not to lay off the 
& Hours by the Tangents, having made 
e Table, as before, you may ſoon find the 
YJour-Arks on the Plain for 3 Hours, as 
xre 3, 12,ando ; Or, 4, I, and 8, which 
fould have made the ParalleIlogram more 
quare, and conſequently more better, and 
| cn to draw the reſt by the Sector, Thus 
' du may ſee how your Work accords; The 
' ay by the Table and Contingent-line, and 
| et way by the Stor on the Parallellogram, 
| { by Calculation, & at laſt uſe the Myſtery. 
f Dialling made plain and ready, to an 
dinary capacity. ; 


Of North Declining Recliners, 


| ot 

| The other kind, 12. North Declining, 
{ccliners,have alſo three Varieties; as thoſe, 
x Tha fall back or rccline between the Ze. 
| nith 


4 10, from L to 8, Thisis general in all- 
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nith and Equinoctial : 2d, Thoſe that re. 
cline to the EquinoCGtial : And 3d. Thoſe 
that redine below the Equino&tial, And 
firſt of the firſt Variety, reclining leſs then 
co the Equinoctal, 

The drawing'theScheam, 1s the ſame as 
in the former, except in the placing of che 
Points and Letters; Por firſt, theſe Plains 
behold the North-parc of the Horizon, and | 
chen when you fook onthe Plan, the South 
15 before you, and the Weft on your right- 
hand, and the Eaſt on the left; then the } 
South and North are alwayes oppoſite, and /; 
che point P, repreſenting the Elevated Pole 
of the place, which with us being North, 
mult be placed towards N downwards, as 
before in South Recliners it Wks upwards. | 

153 fie, oy. 

Ir is neceſlary in the Scheam, to draw the \ 
EquinoGiial-line, by laying the half Tan- \, ' 
gent of 51-32 from Z to &; thenthe Se. , 
cant of 38-28, the complement of ZE, laid 
from & on the Line $ N, ſhall be the Cen- 
ter to draw E &W tor che Equinoctial. * 
Circle. 
Thus the Scheam being drawn;to find the 


Requilites, rhe ; 


T, Fo 


Troy 


tree | | 

hoſe 1, For the Meridians Elevation, or di. 

And ftance from the Perpendiculer, A G, or 

then GE, 

_ ; By the Seefior, | 

F the | As fine 90 Radius | 2D 00-0 


To Tangent Declination Plain SD 55-0 
$0 fine Reclination Plain ZE 30-0 
To Tangent Merid, & Perpend., GE 26-2 


lains 
and 
zouth 


jght- 

he [As — Tangent of Declin. SD 55- © 
and /; Fo =ſine of Radius ZD 9go- o 
Pole JSo = fine of Reclination ZE 20- 0 

orth, To — Tang. of xz from Perp. GE 26-02 

Sz AS 


Whoſe complement AG, 6 3-58, is the 
Meridians Elevation above the ar of 
the Horizon, 


hs - | 


W my 
Tan- \,' By theScheam,A Rule laid from Q toG, 


= on the Limb gives L's - thenDL and AL arc 
Ax [the Arks required, 


Rial. © 2, To find the Diſtance on the Meridian; 
4the 1 from the Pole tothe Plain GP, 


By 
, For 


-a.05 LOANED 0-3 
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By the Stor. 


| A 
As fine declin, of the Plain. G-Z E 55- of Tt 
To fine diſt, of Mer. & Perp. GE 26.02] $9 


So fine of _—_— _ GEZ 90-oof 'T 
To fine of dift. on Meri 
from Pole to Plain Þ. GZ 32-03]. 


As 4s fe of GER ig0-'0 mb 


To = fne of GZE' 55- © | 
So = fine of GE 26- 2 q: 
To — ſine of GZ * 32-03 


Which added to 38-28 ZP, makes up 
G Ptobe70-3.1, Or, By the Scheam, A 
Rule laid from E, to P and G, gives on theſ jc 
limb a 6 ;: the' Ark ab is 70-3 I. Toſi 


3 To find the Stiles hes gh above Toſi 
the Plain P F, 


' By the Seftor. - 
As fine of diſtance on Mer.} G Z 32-03] So 
from Zenich tothe Plain F Te 


To fine of the Plains Reclin. ZE 20-00 

So fine ef Aift; on Mer, from} GP 70-31] 
| Pole to the Plain A' 

To fine of the Stiles Elevat. } PF 37-01Þthe li 
aboye the Plain [ | | 


As 


$3- 0 


26.02 
99-00 


32-03 


kes up 
am, A 
5 on the 


20-09 


70-31] 


37-01 


Asthe = fine | GP F-32 
To the = fine' GZ 32-03 
Sothe = fine Z E 20-00 
Tothe — fins _PF 37-o0x 

By the Scheam, o@R© 
A Rule laid from Y, toPandF, on the 
limb gives 6 and d, the Stiles height, 


4. To find the diſtance of the Sabſile from 
the Meridian G F ; when it # above 
90 deg. takg the comp. to 108 deg. 


_— 


ks. 


By the Seller. _-_ 
As Tangent of the Reclin, ZE 20-00 
To fine of dift.of 12 from Perp. G E 26-02 
So Tang. of the Stiles Elevat,, PF 37-01 
To fine of the Subſtile from x2 G F 65-24 


As — fine © 'EG 26-02 
To = Tangent ZE 20-0 
So = Tangent PF 37-01 
To — fine GE 65-24 


By the Scheam, © 
A Rule laid from Q to G and F, gives on 


the limb L F, the Ark required, 
| 5e To 


[2x0 }: 


$. To Lago ek TI of Meri- 


H the eftor, 
As fine ah: on Merid. from? GP 70.31 
Pole to Plain * * 
To ſine Radius 0 oppo police Angle GFP 90.09 
So ſine dift, on Plaiii froth x2} GF 65-24 
to Subſtile . 
To fine of the Inclin. of Mer, GPF 74-38 


As' — fine GF 65-24 

To=fſine . GP 70-3x ; 
 So=fine G FP 90-00 

To —fme GPF 74-38 


By the Scheam. 


ARule Iaid from P to Y, on the limb 
gives g, the Ark Eg is 74-38, "the Inclinaci- 
on of Meridians. 


Or, 

A Rule laid from P to K, gives h, Sh is 
the Inclination of Meridians, by which to 
make the Table as before: is _ and as 
tollowerh. | 


1 | 


e limb 
linaci- 


Sh is 
ch to | 
ind as 


Te] 


Ny 
? 
' 
N 
i 
1 
! 
1 
\ 
\ 
\ 
IJ 


4 


<a 


+ 
0 


" 34 


N 


| 12 74—38 


Hey now. = 5 


[um] 
"7 49—38 To draw the Dial. 

2 44-38 | Fordrawing the Dial, con 

x 59—38 [ſult with the Scheam, laying 

the Plain AEB, and' his 

11 89—38 [Perpendiculker CD right-be= 

19 75—22 | fore yon ; then note, SN is 


| 9 60—22 |the Metitian-line, ZE the 


8 45—22 | Plains perpendiculer, with 
7 30—22 | the Mcridran G on thc lefei 
6 15—22 hand, and the Subftile F- on 
5 0—22 the right-hand, | 
4 14—38 | eAl!ſo note,” That the Sun 
ll. * being int the South at'S, caſts 
ls beams, and conſequently the ſhadow of 


he Stile into the North; So that though 


be the true Meridian found, yet it isthe 
orth- part that is drawn as an Hour-line ; 
t the'Subſtile, and other' Hours, are coun- 
d from the South-end thereof, as the Table 
nd the Fipure of the Dial, do plainly tnake 
anifeſt 3 being drawn in this manner, ' 
Firſt, draw the Horizontal-line A B;then 
C, as a Center, draw a ſemi-circle &qual 
60 of the Chords, and lay off the Meti- 
an, Subſtile, and Scile, 1ti their right Sct- 
ations, as laſt was declared ; then draw 
ofe lines, and to the Subſtile ere& a Pers 
ndiculer, as DE; then taxe the Extent, 
or 


I12 
or neareſt diſtance from the place where the 
Perpendiculer or Contingent-Line 1a 

drawn, cuts 12 and the Stile-line, and make 
ita = Tangentof 453 Then 1s the SeRor 
ſer, to lay off all the Hours by the = Tan- 


» 
1 
i 


1 


gents of the Arks in the Table, except 11þ 


and 10, which do excur, 
" Por. | 
Tf you prick the Nofturnal-Hours 12; 
1,2, 3 ; and draw them through the Cen 
ter, :on the other ſide, they ſhall be th 
Hours of 12, x, 2, 3, 4, &c- on the Norths 
part of the Plain, where they are only uſed| 
As for the Hours of x0 and x1, dothw ' 
 DrawalLine= to any one Hour, which 
= line may conveniently cut thoſe Hourb 
lines. | 
As, 


Suppoſe the Line 6 12, which is = to þ 


the Hour-line of 3 ;' then make the diſtance 
from 9 to 12, or from G6 to 9, in that Ling 
lat drawn, a = Tangent of 45, and lay 
oft hours and quarters, or elſe the whole 
Hours, by the diſtances from 9 to 7, and$ 
for x5 and 11, turning the Compaſſes the 
other way from 9 ; then to all thoſe Poins 
Lines drawn, ſhall be the Hour-lines re- 


quir ed. A 
Org 


< 
> 


" BOF _; 5-47 
97 F/- c {rt md 7 SFTUN of 
0 


WIS nay 4s. ASAT WAY. 


| 
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Or, | 
Having only the hours of 3, 6, & 9, & 


4 12 ina ParalleIlogram, deſign the reſt by, 
q Scctor. Fa, 


The Second Variety: of North-Recli- 
ners, Reclining to the Equi- 
nolial, 


By the bare drawing of the Scheam, your 


] fee, that che Circle AE B, repreſenting the 
] reclining Plain, doth cut the Meridian juſt 
{in che EquinoGtial ; Now to try by Arith» 


metick, whether it . be a juſt Equinoctials 


] plain, or no, ſay : 


I. By the Settor. 


{As the fine of go. AD go- © 


"To Tang. of the Reclination DE 54-10 


So Co-ſine of Declin. Plain AS. 35-.© 


- To Co-rang, of the Latitude— $ G 38-28 


| As —— Tangent Reclination DF 54-X0 
| To=fſinego AD go- 0 


So = Co-ſfine of Declination AS 35- © 


| To — Co-tang, of che Lat, SG 38-28 


H Which 


4 | 
Which happening ſo to be, it 1s a decl1- 
ning Equinoctial, or Polar 1n reſpect of its 
Poles, which are in the Poles of the World. 


2. If the Declination were given, and to it 
you would have a Recliuation, to make 
it Equinothal, | 


By the Seftor ; 
As the Co-fine of the Declin., AS 35- © 
To the Co-tang. of the Lac,, SG 38-28 
So is the fine of 90 AD 90-00 
To the Co-tang. of theReclin, DE 54-10 


ir 
; 


As the — Co-tang. Lat. SG 3828 
To the = Co-me Detlim. AS 35-00 
So the —line Radius AD 9go-oo 
To the — Co-tang. Reclin, DE 54-10 


, By the Scheam. 


The Points'A B of Dedination, being | 


given, and the Point G on the Meridian, 
if you draw the Reclining Circle” A G B, 
it will interſe& the Perpendiculer at E ; then 
the meaſure of 'Z E 15 the Reclination, mea- 


ſured by half-Tangents, or by Chords, by 
laying a Rule from A, to E on the limb, * 


gies 23 the Chord B a, is the Reclinati- 


on 35-50, 
3. But 


— 


[ 275 ] 
2 But on the contrary, if the Reclination 
be given, and a Declination required, to 


make an Equinottial Plain ; Then con- 
of  trarily ſay thus, 


ake | 
By the Seftor. 

As Co-tang. of the Rechn, ED $54-10 

To ſine of 90 A D 90-00 
- © So Co-tang. of the Latitude $G 38-28 
.28 To Co-fine of the Declin, SA 35-00 
ole 
-10 As — Co-rang. Reclin, ED 54-10 

To = fine AD 9go- o 
23 So — Co-tang- Laticude SG 38-28 
-o00 | To = Co-fine Dechnation $A 35.00 
n—_ But by the Schean. 
| By the Point G, and the touch of an Arch 

J aboucE, draw the Circle GE, to cut the 

Xing Þ} limb znto two equal parts, and you have che 
Jian, | Potnts AB. | 
G B, 
then 4+ The Plainthus made, or proved tobe 
mea- Equunottial + to find the c Maridians 
s, by Elevation above the Horizon, AG ; 
mb, Or, -his Diſtance from the Perpendicu- 
nati- Air ECG. | 


H 2 By 
_ Bat 
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By the Seftor. 

As fine of 90 ZEG 9go- © 

To fine of dift. on the Mer.d GZ 51-30 
from Z, to the Plain 

So ſine of Declin. of the Plain GZE 55- © 

To fine of diſt, on the Plain a GE 39-54 
from Perpend. to Merid. 


As — fine GZE 5F5- © 
To = {ine ZEG 90- 0 
So — fine GZ 51-32 
To — fine GE 39-54 
Whoſe complement is A G 50-06, the E- 
levation aboye the Horizon, 


By the Scheam. 


[10 A Rule laid from Q to G, gives b on n the 
il f limb, D Bis 39-54, as before. 


| 5. To findthe Stiles Elevation above the | 
Snbſtile on the Plain, 
By the Seftor, | 
As fine of the Latitude GZ 51-32 
To fine of the Reclination ZE 35-50 
So fine of diſt, Mer. Pole to Plain G P 90-00 
To tine of the Stiles Blevation P F 48-24 


As 


Get IIS. BY. MG woo L—_— 
- 8 


\ 


8 


5 


fad 
PP — EEE Sond - i 
- 
- 


4 


- 
u 
4 
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As — fine 90 GP 90- © 
To = fine Latitude GZ 51-32 
So = fine Reclination LE 35-50 


To — fine Stiles height PF 48-24 


By the Scheam. 


A Rule laid from Y to F on the limb, 
gives C, N C is 48-24, the Stiles height, 


The diſtance of the Subſtile from x2, 
in theſe Equinoctial Dials, is alwayes 9 > de- 
grees; for a Rule laid from Q , the Ple of 
the Plain, to G, on the limb gives b ; a Rule 
alſo Iaid from Q to F, ine Subſtile, on the 
limb givesd; the Ark bd, 1s 90 dexrces, 
both for the diſtance of the Sabſtile from 
12, and alſo for the Inclination of Meridi- 
ans, for the Subſtile ſtands on the hour of 
6, being part of the Circle EP W, which is 
the hour of 6, 90 degrecs diſtant from the 
hour of 12, 

Or, 

A Rule laid, as before, from Y toÞP, on 
the limb, gives N;. the Ark EN, or W N, 
3s 90, for the Inclination of Meridiaus, 

Which being juſt 90, the Table 15 eahly 
made, viz. I5, 3O 3 45, 60; 75,905; 
wwice repeated, from x2 to 6 both way s. 


H 3 To 


\ x38 | 
To draw the Dial. 


On the Horizontal-line A B, draw an ob- 
{cure Scmj.circle, and ſer off the Meridian, 
as the Scheam ſheweth, viz. 50 degrecs 6 
min. above the Eaft-end of the Horiontal- 
linez Þut make viſible only the North-end 
thereof, as the lineC x2; Then 90 degrecs 
from chence, toward the right- hand, as thc 
Scheam ſhewetl:, when the Perpendiculer- 
line is right before you, draw a Line that 
ſerves both for 6 and the Subſtile, as C 6. 
Allo, lay off the Chord of 36-47 from 6 to 
9, and draw th: Tine C 9 alſo, which is 
found by Calculation, as before is ſhewed. 


Or thus ; 


Draw a Line =to 12, or Perpendiculer 
to 6, bcing in this Dial all one, as the Line 
FE G; chen ſetting one Point in E the Sub- 
ſtile, rake the neareſt diſtance to the Stle- 
line, azid it ſhall reach from E to G, the 
Point for 9, 

The ſame diſtance E G lay allo on the line 
12, ficm C to H, and draw theline G HI; 
then make EG a =: Tangent of 45, and 
lay cft the = Tunge:i:s of 15-30-45, both 
wayes from E, as hath becu often ſhewed. 
Aiſe, 


n ob- 
dian, 
ecs 6 
Mntal- 
-end 
2grecs 
xs the 
uler- 
e that 
© 6o 
16 tO 
ich 1s 


red. 


culer 
Line 
Sub- 
SUlee 
, the 


> ine 
H I: 
and 
boch 
ed, 


Aiſe, 


_ _ <0 ahvwPs a ———— ENCES 


$M) an: of fire! 7 LOT YETT Jo ra pin 1. 


[ Ii9 © 


eAlſo, - 
' Makethe diftance of HG a = Tangent 
of 45, and lay the ſame — Tangents both 
wayes from.H, and to thoſe Points draw the 
| Hour-lines required, 


The third Variety of North- 
Recliners, 


This third and laſt for: of North- Recli- 
ers, are thoſe thac recline beyond the E- 
quinoCtial, that is, lie between the Equi- 
 notial and the Horizon; and it differs 
| fomewhar from the other tive before, in the 
| Scheam and Operation alſo, 

For firſt, the Ark of the Plain is extend- 
ed below the Horizon, till it meer with the 
| North-part of the Meridian below the Ho- 
rizon at H; and the Center of the Ark 
AQB, isin the Line -ZD, as much di- 
Rance from Q , as the Secant of 65 deg, 
to the Radius of the Scheam, being the 
complement of ZQ_ 25-0; Here alſo the 
ſame requiſites are to be tound as in the 
other Dials. 


H 4 IT. Firſt, 


f x20 } 


1. Firſt, for the Meridians Elevation 
above the Horizon, A G. 


By the Seftor - 
As fine 90 ZD 90-00 
To Tang. Declin. Plain SD F5-00 
So ſine Reclin, Plain ZE 65-00 


To Co-tang, Elevation Merid. GE 2-18 


As -— Tangent Declin, SD $$5- © 
To = fine 90 ZD 9go- © 
So = fine Reclination ZE 65- 0 
To — Co-tang.Merid,Elev. GE 52-18 


Whoſe complement G A 37-42, 1s the 
Mcridians Elevation above the Horizon. 


By the Scheam ; 


A Rule laid from Q to G, gives on the 
limb a; thenD a is the diſtance from the 


Perpendiculer 52-18 ; and Aa the diſtance 
from the Horizon 3 7-42. 


2, To 


2. Tofind the Diſtance on the Meridiay 
fromthe Pole tothe Plain GP, 


By the Seller, j 


As fine of A D Radius, or Þ AD go. 6 

fine of 

© RFToCo-tang, of Reclin, Plain DE 25- © 

& $ Coefine of Declin. Plain AS 35- © 1 
To Co-tang, diſt.on - _ SC 14-58 q 


O from Plain to Zenith | 
O 
0 |} As — Tang, of ED 25- © | 
15 |} To= fineof AD 9go0- © {| 
"yg So = fine of AS 35- © | 
| To — Tang, of GS 14-58 | þ 
Whoſe complement 75-02 G Z, added to | x 
J-?, the complement of the Latitude, makes '" 
the $113-30, for the diſtance of the North-pole 
the 


P, on the Meridian of the place, from (the 

North- pole P,to) the Plain hs the Equa- 

or at G3 which being more than 90, find 

the complement thercot to x80, viz. 66-30, | 

ting the diſtance on the Meridian from P | b 

the Pole, to the Plain on the Notrth-part of li 
: 


he Meridian, viz. P H, found on the 
cheam, by laying a Rule from E or W, to 


od 


122 ], 
P and H, on the limb givesb and c ; the Ark 
be is 66-30, the diſtance on the Meridian 
trom the Pole to the Plain, 


. To find the Sules height above the 
, þ Plain P E.” 


By the Seftor, 


As the fine diſt, Mer. from? GZ 75-02 
Zenith and Plain ; 
To the fine of che Reclin. Plain ZE 65-00 
So the fine diſt, Mer. from PH 66-30 
the Pole to the Plain | 
To the fine of the Stiles Eleve PP 59-21 


AS —= GZ 75- 0 


To = LE 6F- Oo 
SO —— PH 68- © 
TS = PF 59-21 


By the Scheam, 


A Rule laid from Y, toP and F on he 
limb, gives dand ez the Arkde is 59-21,]| 
the Stiles Elevation, 


4. To 


e Ark 
ridian 


on the 
'9-21z 


4. To 
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\s fin 
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$ ſane 
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| 2 . 

4. To find the Sabſtile from 12, viz. FG 
| from the South part, or HF from the 
North part. 


By the Stlboy. 


$ Tang, Reclin, of the Plain ZE 65-00 
o Coefine diſt, Mer. & Horiz. EG 52-18 
o Tang. of the Stiles Elevat. PF 59 2x 
o fine of the Subſtile from} FH 38-30 | 


North part Merid, | 
5 ſine diſt, Mer. from Perp, EG 52-18 | | 
o Tang. of the Reclin. ZE 65-00 | 


Tang, of the Stiles height PE 59-2x 
0 fine of the Subſtile from x2 F H 38-30 


| By the Scheam. 
A Rule laid from Q, to H and F, on the i 
mb, gives fand ez the Ark fande, is the LE 
ubſtiles diſtance on the Plain from 12, | 


5. To find the Augle between the two Mes 
rid1ans, VIZe P F, and P H. 


By the Scflor. 
\s ſine diſt, Mer.ir.ole to Plain P H 65-00 
[o fine of 00 RaVins PFiig0.00 


$o fine of diſt.rrom $1.2it. % 12 FN 38-30 
ſo fine of Inclin, Mccid, FF Na4z-45 
As 
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P FN 90-00 

To = fine of PN 65-00 

So = fine of FN 38-30 

To — fine FPH 42-45 
By the Scheam. 


A Rule Jlaid from Þ ro Y, on the limb 
gives g, then W g is the Angle of the In. 
clination of Meridians, wiz, 42-45 ; by 
which make the Table, as is ſeveral times 
before ſhewed, and as tolloweth, 


—_. Todraw the Dial, 


Ln 
[2 


© BN &Awmikiw ÞD 


I2 


| 


42-45 
$7-45 
72-45 
87-45 
77-15 
62-15 
47-15 42-55 
32-15 


On the Hor1izontal- 
line AB, deſcribe a 
Semi-circle, and lay 
oft the Meridians Ele- 
yation, in its proper 
place, as the Scheam 
dire&s ; and then the 
Subſtile, and Stile, be. 
yond the Perpendicu. 
ler, as by laying thc 
Pexpendiculer-Line of 
the Scheam right be- 
fore you 5 then the 
Line A Z B, repreſents 
ne ZG, the Meridian 


on the South-part ; and Z H, on the North- 


part - 


; by 
| rimes 


Dial. 
-ontal- 
ribe a 
d lay 
1s Ele- 
proper 
cheam 
en the 
le, be- 
1dicu. 
ng the 
1ne of 
it be- 
n the 
reſents 
ridian 
lorth- 
part - 
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Fn25 1 
arts the LineZF, repreſents the Subſſtile 
gr the Horizon : which things being ob« 
aved, and the method thereof underfiood, 
twill prove better than dry Rules, or Pre- 
epts, without ſuch repreſentations, and far 
nore eafie to apprehend and conceive inthe 
magination, 
Then prick own the Hours of 9 & 6, 
y the Table onthe Contingent-line, as be= 
e, or on the Semi=circle, having Calcu- 
ted only thoſe ewo Hour-lines, by the ge- 
eral Canon, | 


Then, 
! Draw a Line = to x2, at any convenient 
iſtance from it, as GH; They, take the 
Jdfance berween 6 and 9 in that — Line, 
Jahd lay it from the Center to I, on the 12 a 
fa Hour-line, and draw the Line HI; 
Jthen make the diſtances GH, and I H, fe- 
ferally one after another, = Tangents of 
45; and take out the = Tangents of 45, 
4o, 15 3 and lay them both wayes from 12 
nd 6, on thoſe two Lines, as hath been of- 
En ſhewed, in the former Dials ; then lines 
rawn to thoſc Pojnts, ſhall be che Hours 


quired, 
CHAP. 
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CHAP, VII 
Of Declining and Inclining- 
PLAINS. 


| mr. Plains are but the under faces ct 
Recliners, beholding the Nadir, arthc 
ſame Angle that the Recliners beholq the 
Zenith, | 
And the making of them differs nothing 
from the Recliners already mentioned ; and 
all: che Requiſites, as Meridians Elevarion, 
Subſtiles diſtance from 12, and the Stiles E- 
levation, & the Hout diſtances, are the ſame 
both 1 the Incliner, as they were in the Re- 
cliner, and have the fame Numbers alſo fer to 
the Hour-lincs 3 So that in drawing of theſc 
Dials that haye Centers, if you draw all the 
24 biours, you then draw 4 Dials at once; 
as thus, in the Example of the declining E- 
quinoctial, being a North declining Eaſt 5 5 
degrees, and reclining 35-50. If you draw 


the 24 hours, being done at the ſame time 
and } 


884] 
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thing 
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ation, 
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d flroke, by drawing the Hour- lines 
rough the Center on che other-ſide, and 


- he Subſtile and Stile alſo, as here you ſee 


h che Dial annexed, being the EquinoGtial- 
Dial, belonging to the ſecond Variety of 
Corth Recliners declining Eaftward 5 5,and 
eclining 35-50; the Lines drawn through 
the Center, and complemented to 12, is 2 
jouch-caſt declining, and Inclining 35-50, 
| Alſo, 
| If you turn the Paper, and look againſt 
he light, and then the North-eaſt becomes 
North-weſt Decliner 55, and reclining 
5-50 and the South-eaſt becomes a South. 
jeſt, Declining and Inclining as much, 
{ Thus you ſee, that every Draught of a 
dial will ſerve for 4 Plains, that is for the 
ace you draw it, and his oppoſite g and 
r another Plain, declining as many degrees 
ſic contrary way, and reclining as much 
Iſo, and for the oppoſite thereunto, as by 
be two Draughts of the two fides; may 
Jainly be ſeen to appear, And the like holds 
Þ all ſorts, as Upright Decliners alfo. | 
{ As a North-eaft and a North-welt, 2 
wuth-caſt and a South-weſt, declining 303 
ne Dial drawn round abour, ſerves all 4 
Pials » But note, that no South Ere& or In- 
lining Dial, can have the Sur to ſhine on 
; | any 


—— ——— OR 


| 128 
any Houreline that falls above the Horizony 
tal-line 3 and thoſe hours on the North-rel 
cliners, that fall below the Horizontal-line | 
belong alfo to the South Dials. F 

But for a plain general Rule, to knoy |. 
what hours belong to any Plain whatſy, 
ever inany Latitude, do thus. f 


To know what Hours belong to any 
Plain. 


Firſt, draw a general Scheam to your Þþ 
Latitude, as this is done for 51-32 ; and 
mark the 4 Qardinal-points with E.W.N. & 
S. as is uſual for ſetting the Scheam right be. 
fore you, | | 

Thes 


| Forall Declining U right Dials, draw on- 
Iy a ſtreight Line for the Plain, Perpendicy 
ler to the Line that doch repreſent che Pole Þ 
of the Plain, counting ſo many degrees # if 
the Declination of the Plain ſhall happm 
to be from S, or N, toward E, or W. {3 | 
all the Hour-lines of the Scheam that that 
Line of the Plain ſhall interſe&, are the | 
Hour-lines proper to that Plain, | 
OY I, Example. | 
The Line E and W, being Perpendicular þ 
to S and N, the Poles of a South and Norti). | * 
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plan; doth therefore repreſent a South- 
plain on one fide, and a North-plain: on the 
other, - 


bk] 
© ; 


| | T berefore, 
It you conceive'the Sun to be in Caxcey; 


| and going of his Diurnal Motion, at his 
2 Riſing about a quarcer before 4, beholds the 
\aNorth-ſide of the Line E W, and continu- 
Feth ſo to do till 25 minuts after 73 and 
Ftchen it ſhines on the Sourh-plain ill 35 
Iminuts after 4, and then begins again to 
$ſhine on the North-plain, and ſo continues 
grill Sun ſerting, 


But when the Sun 1s in the EquinoCtial, 


Ft beholds che South-plain at che Riſing, be- 
"Jingat 6 a clock in the morning ; and ſhines 
Jon it allday, till Sun ſer,being ar 6 at night ; 
Jand then the North Dial is uſeleſs. 


. Kh For a Deslining- Plain. 


| . Suppoſe zo degrees South-eaſt ; firſt ſer 


: the Scheam in his right ſcituation for & 


South-eaſt Plain z chen 3f you count zo de- 


| erces from $ toward E, for the Pole of the 


| Plainz and 3o degrees from W toward Sz 
| or from E toward N,. and draw thac Line 


| thar ſhall repreſent che Plain; then you. ſhall 
| find char the Sun being in Cancer will bez 
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gin toſhine on this Plain, juſt a quarter be- 

fore 5 in the morning, and continue till near 

half an hour aſter 2. : 

But abour rhe middle of Faxwary, it will 
ſhine on ir till a quarter after 43 viz. tall 
Sun ſet 5 and all the hours after 2, belong to 
the North-weſt Plain 'that declines 30 de- 
grees, and one hour in the morning allo, 
212 troma quarter before, rill three quarters 
after 4, | 

The like work ſerves for any Decliner 
whatſoever, in any Latitude, 


3. But for Decliners and Recliners, 


Draw a long Line, as A B, and crols it 
with a'Perpendiculer in the Center C, and 
lay off from C, toward A and B, the Tan- 
gent of 45; orthe Semi-tangent of go, e- 
qual to the largeneſs of your Scheam ; then 
lay off the Semi-tangent of the Reclination 
from C to D, up and down, both wayes 3 
then take out the Secant of the complement 
of the Reclination, wHich will be a Radius 
to draw the Arks A D B, which Paper you 
muſt cut out, and apply the two Points of 
the Paper ADBD, to the two Pornts of 
Declination of the Plain , noted in the 
Scheam with A and Bz tharjs, put Aro = 
all 


a — «a. 


a © ©@ #5 ry tt + ©@a 


tp un, bp pp a, of 


TI2I 
andBtoB ; the. ke. round or convex-edge 
of the Paper, repreſents the reclining Plain z 
and the ſame edge, on the other part nexc 
the Horizon Sourhwards, nora oc the 
South-welt Incliner. 

Example. 

Suppole I make the Paper ADB, to res 
cline 35-50, the Reclination- of the Equi- 
noctial-plain;z then, firſt ſer the Scheam 
right betore you in irs right ſcicuation, and 
putting the Poznts A, in the Paper, on A on 
the Scheamz' and B in the Paper. to Bon 
the Scheam 3 I ſhall find ic to be even with 
the reclining Curxcle A EB ; then following 
che Tropick of Cancer, I find thar ir ſhines 
on the North Recliner from the Riſing tall 
near 2, at which time it leaves the North- 
recliner declining Eaſtward, and begins to 
ſhine upon the oppotice Plain, wiz. the 
Souch-welſt Incliner, declining 55-0, and 
reclining 35-50, and ſo continues till Sun» 

, | 
But note, That if cheLine that repreſents 
the Plain, cuts the Tropick twice, as the 
Line E W for a North-plain; then, though 
the Sun leave che Plain in che morning, ir 
will ſhine on 1t again 1n the afternoon, 

Note alſo, That a North-caſt Recliner, 1s 
repreſented by the other Convex-edge of the 

I 2 Paper, 
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Paper, 25 here a North-eaſt Decliner 55, 
and Inclining 35-50, ths Sun will ſhine bur 
till 3 quarters afrer 8 in Cancer ; but in 
Capricors it ſhines till halt an hour ater 9, 
and comes no more on it that day : And 
note alwayes, That when it leaves any Plain, 
chat chen it begins to: ſhine on his oppoſite, 
as here the oppoſite co this North-eaſt In- 
cliner, is the S2utch-weſt Recliner, being re- 
preſented by the ſame Line or Circle ADB, 
that the North Recliner was : Only, you 
muſt count thar ſide of the Line next to the 
Horizon, the Inclining-plain ; and thar fide 


next the Zenith, che Reclining-plain ; For, 


the Line that repreſents it, having no bredth, 
can be no otherwiſe diſtinguiſhed, unlels 
you will make a material, Armilary Sphear, 
of Paſtboard or Braſs, as the toNlowing 
Diſcourſe doth plainly demonſtrate, in theſe 
ſeveral Operations, for the bettet conceiving 


- of theſe Mathematical Excercitations. 


Thus you have the way of making all 
manner of Su» Dials, upon any plain Su- 
perficies, che Axis of the World being the 
ſuppoſed Stile to all theſe Plains; As for 
thoſe curioſities of Upright Stiles, and Elip- 
rical Dials, and drawing of Dials by the 
Horizontal, or EquinoCtial Dials, you have 
them in the Works of Mr. Samuel Fafor, 

— 
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T3 
and in Kerkers Ars magna, 
ce But T intended not a Volamn of Sha- 
dows, but only a further improvment of 
che Trianguler- Quadrant, as you will ſee in 
the next Chapter, of drawing the Furniture 
or Ornament of Dials ;_ which being bur 
ſcldom uſed, I ſhall here crave an Apology 
tor the breyity cherein, fearing, leſt that to 
the young Practitioner it may ſeem ſome. 
what hard to conceive, though to the exer- 
cifed 1n theſe matters it may be plain ec. 
nough, 
; Then fora Concluſion, you ſhall have an 
eaie Mechanick way, to draw a Dial on the. 
Ceiling of a Room, that lieth Flat or Hori. 
zontal, which will be very good for Painters 
or Plaiſterers, to Ornament a Room withal, 
and 1s not yet treated on that way, as ever 
I read of, 
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CHAP, VIIL 


To furniſh any Dial, with the uſnal 
Mathematical Ornaments by the 
T rianguler-Quadrant, as Faral. 
lels of the Suns Declination, or 
the Suns place, or length of the 
Day, to find the Horizontal and 
wt Virtical Lines ,and Points ,to draw 
Wi the Azimuths, and Almicanters ; 
fs the Zewiſh,Italian & Babyloniſh 
Hours, and 12 Houſes on any 
Plain before mentioned. 


I. To draw the Tropicks, or Parallels of 
[7 the Suns Declination, or the length of 
| i the Day Artificial, on any Dial. 


h Nt E fas ſpeedicſt and eaſieſt way for this, 15 
Wl! | by the Ty7gor, or by the Trianguler- 
Quadrart, ( whuch is a proper Trigon) the 
| Ax1s 


G 


oS>SSs0os ----( 


- » 2 Load 


= 
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\ 
Lo 


-oolbgoocoaco 


Axis or Stile being firlt ſet into the 'Dial ; 
For, if you apply the Moveable-leg to che 
Axis, and extend a Thred of a comperent 
lengch, faſtened in the Center of the Tri 
anguler- Quadrant, and caulc it to cutthe 
Suns place in the Line of the Suns place, or 
the Line of the Suns Rifing, at an even, 
whole, or half hour, in the Hour-line for 
the length of the Day z or the degree of 
Declination in the degrees; and at the ſame 
time the Notch, or place, where you:intend 
che Nodus or Apex ſhall. be : Then, I ay, 
if the Thred fhall be, extended to touch the 
Plain, and the Superficies of the Tridugulers 
Quadrant, and any one of the fore-mentio- 
ned Points on the Rule, and the place of 
the Nodus, you may find Points as many as 
| you pleaſe on both fidcs of the Subſtile, by 
which Points, by the help of a thin Rule 
that will bend to them, you may draw 
' theſe Paraliels of the 12 Signs, Iengrh of 
the Day , or Suns Declinacion required 3 
one of which Lines, viz. the Equinoctial= 
line, or and =: on the Signs; or the Line 
for 12 hours, the length of the Day, will 
| be a ſftreight Line, 

But note, That if it be a Perpendiculer 
Stike, whoſe upper Point, or Apex, 1s to be 


the Nodus to give the Shadow ; then you 
E 4 muſt 


T2320 
muſt ſtrain a Thred ver hard, or apply a 
Rule for the preſent whercon to reſt the Mo- 
ving-leg on, inſtead of the Axis; or, elſe 
you may do it thus, as Mr, Gunter ſheweth. 


"Firſt, to make the Trygon, if the Rule or 

- Quadrant prove too large for your ſmall 

Dtal. 

On aſheet of Paſtboard, or Slate, draw 
2a long ſtreight Line, as AB; to which 
Linetre& two Perpendiculers, one at the 
upper, and the other at the lower end, as 
CD,andEF; then make AB a Tangent 
of 45 degrees, (then having firſt made theſe 
lictle Tables that follow, by the Trian- 
guler- Quadrant, whichis only the Suns De- 
clination, at his entrance into the whole 
Signs, or at an even half-hour of Rifing ) ; 
lay of both wayes from B, the Tangents of 
the Suns declination at  & Ir & as 1n the 
Table tollowing ; and draw Lines to theſe 
Points from the Center A, as in the Figure 
annexed ; and then ſer the marks to them, 
and thisis the Trigov. Figure I, | 
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| for the Parallels, 


of = length f Signs. | Declin 
| the Dy: 


| EVR 23-31 
Declin | 20-14. 
: LI-3L 
23-31 
21-41 | - O»OO 
iE-a8 4; II-31 
a2-3F | © 20-14 
5-53 | $30] —Zr=n- 
©-00 Declinations. 
Þ 
5-53 $20 
I-37 |: I0- © 
I6-55 ' IF- Q 
21-41 20= © 


| 7-34 '23-31' 9+ /g| 23-31 both ways 


Then from the Center A, any way on 
the Line C D, at ſuch a convenient diſtance 
as you think may fit the Plain, ſer off the 
Point G; then making G A Radius of 
45 Tang.ſer oft on A B jrom A,the Tang,of 
the Stiles Elevation to F, and draw the 

FLineFG, asan obſcure Line, 
Then 


v 


30. 
Then come to the Dial Plain, and mezx- 
ſure from che Centcr to the place. on th; 
Subſtile-line, where you would have your 
remoteſt Line' of the ſign & or yy to paſ;! 
and take this diſtance between your Com-} 
paſſes, and carry it in, above, or below theY © 
Line F G,' firſt drawn and producedto s,} ®' 
or wy, till you find one Point to ftayin A 5} |. 
and the other. in A G, fo as to draw a Lin:Y © 
—= toFGfift drawn; if that doth not fir, Y © 
then dele F G, and dray this = to it 1n its; 
ſtead, to fir and fill the Plain with the Tro-} © 
picks to your mind, to make them large and* 
yer convenient. _ | 
Then note, The point G repreſents the } | 
Center of theDialz A G is the length of | '® 


the Stile from the Center to the Nodus ; a Eq 
Perpendiculer let fall from Ato'F G, ſhews: Fi 


the point H , GH is the meaſure on the. 
1.81 Subttile-line on the Plain from the Center to 
4.0 the Horizontal-line, H Ais the Perpendicu- 


iN} ler height of the Stilez A the Apex or top } ©'* 
11! of che Stite or Nodus to give the ſhadow, wil 
| Then, Þ itt 
Draw a Line from G, = to AB, as ſet 


IK; and any where between AB, draw} 
LM =to AG; and whereſoever F G cuts ſroy 
| 1,8) LM, make a mark asat M; then make L M' laſt 
HR | a = ſinc of 90-degrees, and th2 Seftor > 
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ſer, rake out the fine complements of the 
Arks at' the Pole for every hour, and lay 
them from L.towards M, on the Line LM, 
ahd to all choſe Points, draw Lines from G, 
and mark them with 12, 1, 2, 3, 4, &c, 
x in the Table. 
a Or elſe, | 

: Takethe meaſure from G to F, and lay it 
en the Dial from the Center on che Subſtile, 
and draw that Line preciſely Perpendiculey 
to the Subſtile, for the true EquinoCtial-line 
on the Plain, 

| Then, 


{ The meaſure from the Center of the Dial, 

Hour-line, and the 

Equinoctial-line, taken and laid from G, to 

the Line A B,gives Points to draw the Hour. 

lines on the Trygonz As in the Figure. 
Wherein you may note, 

That if the Subſtile happens to fall on an 
even, whole, or half hour, then one Line 
will ſerve on both fades of the Subſtile ; but 
if not, you _—— as many more, and 
ſet Figures to they, to avoid confuſion. 

Then, I fay, that the ſeveral diſtances 
from G, to the crofſings of thoſe Hour-lines 
laſt drawn on the Trygon 3 and the Signs 
being laid on their correſpondent Hour-lines 


from che Center of the Dial, ſhall give 


Points 
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Points in thoſe Hour-lines, to draw the fign; 
of the Zodiack, with a thin Rule that wil 
bend co thoſe Hyperbolick Sections, 

The ſame way ſerves to draw the Paral. 
lels of the length of the Day, if you lay 
the diſtunce from G, the croflings of the 
pricked Lines aud Hours on the Trypoy, and 
15 as true as any other way by Calculation, 
which mult afrerward be performed by pro- 
traction in this manner, 

Thus you have the way to proportion tit: 
Height of the Stile, ro fit the Plain, and the 
place of the Hormwontal-line in all Eref- 
Dials, which 1s alwayes Perpendiculer to 
I2, and drawn through that point a-crols 
the Plain z And this way of drawing the 
Signs, 1s general in all Plains whatſocver, 
that will adnur chem. | 


II, To find the Horizontal. line in al 


manner of Plains, 


Firſt, The Horizontal-plain can have | 
none, nor many other both Reclining and 
Inclining, whoſe Reclination or Inclination 
1s above the complement of the Suns Meri- 
dian Alcitude in , it the Stile have any | 
confiderable Alticude, | 
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| lnall other Plains, the beſt Muchanith 
way is thug , 

| The Dial being fer in (or,as in) his place, 
pply the Moveing-Jeg to the top of the 
Stile & one corner of it tothe Plainz and at 
the ſame time ler the Thred play evenly on 
60]0, and the corner at the Plain will make 
as many marks as you pleaſe to draw it by. 
| Orherwtſe note, 

That whereſoeyer the Hour-line of 6, 
and the Equinot;al-line do meer, there is 
one Point : Then find at what hour and 
minute the Sun doth Riſe or Ser at; in the 
beginning of any other whole Sign, moſt 
remote from the firſt Pojnr, and that ſhall be 
another 5 and ſo as many as you pleaſe to 
draw that Line by : This is general for all 
Plains : 


To find that Point by the Triangnuler- 
Quadrant, 

Lay the Thred to the Sign given, and in 
the Hour-line 1s the hour and minur re- 
quired z Thus the Sun being in Y, riſeth 
and ſerteth art 6, or x quarter of a minut 
before, or after 3 and in pv at juſt 5, and ſets 


Fat 7s inm at 9 minuts after 4, or ſets 9 


minuts betorc 8 : The like for Winter figns, 
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III. To draw the old unequal Honys. 


The unequal, Jewiſh, or Planetary hours, 
divide the Day, be it long or ſhort, into 12 
equal Hoursz for the drawing of which, 
in the EquinoCtial the common hours gives 
Points. For the Tropicks do thu ; 

Divide the number of minuts 1n the longelt 
and ſhorteſt dayes by 125 viz. divide 986, 
the minuts in one day in < at London, by 
22, the Quotient is 82 4 z and divide 454, 
the number of minuts in one day at Loy- 
dox in yy, and the Quotient ſhall be 37/3; 
then if you faſten an Index, or lay a Rule to 
the Center,and toevery x hour and 22/: in 
& from 12 and to every 37/3 in w, it 
ſhall give Points to draw the Jewiſh or Pla- 
netary hours required, according to this 
T able, thus made for Loydon, by the Line of 
Numbers; againſt 12 ſet 6, and the reſt in 
order as the day proceeds, for our 12 1s th: 
Gth hour, according to the Jewes, 
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"7. To make thu Table 
F A Table to divide | readily by the Line 
the Planetary bours of Numbers 
in 93 and in'vy, for p 
—_ 1 3-32 Extend the Com. 
_— paſſes from x6-26, 
H vy MſhouſH & M mY the length of the 
«07 RS we longeſt day i in hours 
” : | n To | and minurs to T, the 
9 por! 3t | fame Extent {hall 
Io 407 31 7 $2 | reach the contrary 
0 44} | ® If | way from 60, to 
It 221 5 22.37 ; 086, the Number of 
12 CO! 6* x2 Q0 minuts in one day. 
12 32>] 7: 4 22 
115] $| 2.44 Or rather, 
153] 9 4 06 x hour, to 60 
2 4 Tf F 29! minuts 3 
« ij Gi} $56 hours 26/, 
397112 313) 8 956 mim 
Thes, 


As x, to 82 minuts2 ; 
S01S 2, to 164. minuts 7 
S018 3, to 246 minuts 2, 


Or jou may ſay, 


AS 12, to x, So 1s 986 to 82-2, the 
mints jn x hour, 


VWhucly 
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Which properly is one hour 22 minugÞ ; 
the length of one hour in Cancer; then thef © 
ſecond hour,is 2 hours 44 2; the thitd hour 
is 4 hours and 6/ 3 from x2 and fo for the 
reſt, as in the foregoing Table for Londoy, | 

But if you draw: the Parallels, of the 
length. of the day in the Dial, you ſhall 
find theſe hours to croſs the even Hour-lins Þþ 
and quarters in the Parallels for x5 and g 
hours, as well as in the EquinoRial, 


A tens emo mere 


IV. To draw the Italian or Babylonik- 
Hours. | 
Firſt, draw the common Hours, and the 
Parallels of the Signs, or rather the length of 
the day 3 Then note, rhat theſe Hour-ling, 
meet with the common hours in the Equi. | 
noGtial ; only the Italians who account from 
Sun-ſetting, call our x2 in the Equinoctial 
18; And the Babylonians, who reckon 
from the Sun-riſfing, call our 12 in the E- | 
quinoRtal 6 hours. | 


Then to mark theſe in the Tropicks, 

do thus ;, 
The Sun being in eirher of the Tropicks, | 
doth riſe in , two hours x 3 minuts before | 


6; and in yp, ſo many hours and minuts 
| aftet 
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therefore 1f you count 2 hoyrs-and 
33 nin before'121nv, and 2 hours and 
}; minutes after 12 in &, and there- make 


pricks, and a Rule laid 


to choſe 2 Points, ſhall cuc 
£2 inthe Equinoctial tor 
the 6th hour from the Suns 
Riſing, or the x8ch/ from 
bis laſt Serting, and fo 
ſucceſſively 13 minacsafter 
every hour. 

But, if you draw the 
Parallels of the length of 
che Day, then you thall 
find the x8ch hour after 
Sun Setting, to cut the 
Hour-line of 10-'1n the 
Parallel of the Day, be- 
ing 8 hours long, and 12 


WE 5 — 


Hour-line of '2 in the Pa. 
rallel of 16 hours long, 
and fo ſucceſſively tor the 
| reſt, for ſo many Hours 


| from the laſt Sun-ſerring 


For, from 6 the. laſt 5. A 
in the EquinoCtial, to 12 


this noon, 3s x8 hours 
bur 


in the Parallel of 12 hours . 
'| long; and the common 
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but in vs, from 477 after 3 at Suan-ſet, to the 
next:noon, is 20 hours and 13, as inthe 
F:gnre foregoing, | 

Butifor the Babylomſh-hours,who reckon 
by equal hours from'the Sun Riſing, as be- 
fore, count 2 hours and 13 minuts after 6 
inw; and 2 hours and 13” beforeGin&; 
and juſt 6iny, and that ſhall draw the 
Line of: the Suns riſing ; then count 3 hours 
and" x3” after 6 in ww, and 7iny, and x 
hour 13! before 6 in 5; and that ſhall be 
the firſt hour after Sun riſing, and ſo ſuc. 
ceflively till night. 

But if you u'e the Parallel of the length of 
the day, the work is eafter 5; forthen 5, 7; 
and 09, in the Parallels of 16, 12, and 8 
hours, ſhall' be Points for the firſt from Sur- 
riſing : and 6, 8, and 10, ſhall ſhew rn: 
ſecond hour from Sun-rifing, and fo {or- 
wards, as in the Table following. 


V. To draw the Azimuth-Lines. 


For the Horizontal. Dial, on the foot of 
the Perpendiculer Sctile, as on a Center, 
deſcribe a' Circle 3 and © then divide that 
Circle into 32 Points of the Compaſs, or 
Rumbs, or 360 degrees, 'and Lines drawn 
from the foot of the Stile to thoſe Ppihes, 
ſha 


, tothe 
in the 


reckon 
, as be- 
aſter 6 
ng ; 
w the 
3 hours 

and x 
1all be 
lo 1uce 


1gth of 
jy 7; 
and & 
im Sur- 
ew the? 
ſo for- 


, 


foot of 
Zenter, 
Je that 
ils, or 
drawn 
Points, 


ſhall 


4 
[ 
4 
4. 
4 
TL) 
4 
0 
4 
. 


; 


U 


i 


7 YO or on rn 
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147 | : 
: | | ] ſhall be the Azi- 
Bo ——_ Dr Vurtical 
! | Hour|Paxal[Paral}Para] muth or V irtic: 

7 | from {of x6ſof x2|of 8 Circles required, 


riſing|hours!hours}hours | ©2ntig theMe- 
: | ——j| —— | ridian, or 12a 


L F |. £4. .; kClods Law... as 
| 2] 6] 8 | 10, South, and the 
$4 3] 7| 9 | *ET | reſt inorder. 
A 4 8 | IO | I2, Fox all Ered- 
= 5! 9, IT TL | Dials, both Di- 
1 <j o|x2 | 2 |re& or Dedli- 
Y 7 | 2 | z 3 {-ners, deal with 
42 *j x2] 2 | 4 | the Deflination 
= 91 TI] 3 5 | of the Plain, as 
F 29] 21 4 | 6 [| you did* wich 
4 "iq 31] 5 7 | the Inclination 
3 2] 4! $ | 8 [of Meridians g 
4231 5| 735 9 [andattheMeri- 
I 24 | 64 8 | Io | dian, or 12," ſer 
J x5 | > 9 | Ix | thePlains decli. 
"& x6 | $110 | 12 anrduryeat chen 


| ; for Rumbs, take 
& 1 deg. 157 as often as you can 5 and what 
S« laſt number wants of x1-15, ſet on the 
her (ideof the Subftije, and to chat add 


/L1-Is till you haye enough, as in the Table 


: annexed for a Dial, whoſe declination was 
: 35 degrees Weſkwards, 
4 | K 2 Then 


FE = [ 148 ]. 

Then make the Perpendiculer height of 
the Scile Radius, or Tangent of 45, and on 
the Horizontal-line lay off the = Tavgents 
of the Rumbs laſt made, in the Table,from 
the foor of the Stile their right way, and 
draw Lincs through thoſe Points, all Paral- . 
lel ro 12,:for the Rumbs, or Virtical Circles | 
required 3 'on the Meridian write Sourh, | 
and the reſt in their due order, 


it. 


Ponte, © D. My To draw the Az4- | 
—_— = muth or Virtical= } < 
«FE b : s [68 Circles on Rechin- } t 
SS 'E , 45 ing, or Inclining- |} 1 
Say; 4 $739] Plains. q | 
S. by E. 46 x5 i 
| South. [3500 | Tn all Reclining, | E 
; S. by W.' [2345 | or Inclining Plains, I th 

S, S.W, I12 30 | theſe Azimuths, vir- | 
S.W.byS. | 115 | tical Circles , or } Þo 
Subſtile —— | — —- Rumbs, do meetin { an 
S. W. IO ©O | a Point ( called the J A: 
S.W. b. W. [21 15 | yertical Point ) I isf 
W.S.W. 13239 | found inthe Meri- | = 
Wu W. byS. 14345 | dian, or 12 aclock | anc 
16 Weſt, |55 00 Line, right over (in | the 
iS W. by N. [66 x5 {]ncliners) or under | rizo 
W.N.W. [77 30 | ( in Recliners) the | 2 
N.W.b.W, | 88 4+5 | Apex or top of the Sun, 

N.W, Stile, 


of 
| on 
ents 
rom 
and 
zral- . 
rcles 
ach, 


Azt- 
tical- 
eclin- 
nun g” 


1nings ; 
2Jains, | 
VS, vit- | . A . . 

; or } Point, and che meeting of the EquinoGtial 
neet 1 ? 
led the | 
vine ) | 
; Merl- | 


or 


a clock 


wer (iN | 


r under 
rs ) the 


of the 
Suile, 


WS 
Stile, that is to give the ſhadow, when ſet in/ 
its right place, rightover che Subſtile.line ; 
And as far off the foor of che Stile ( being a 
Point 1n the Subſtile, Square, or Perpendi- 
culer tothe Apex or top of the Stile ) in a 
Verrical Line drawn through the foot of the 
Stile, = to the Perpendiculer Line of the 
Plain), as che Co-tangent of rhe Reclinati- 
on, making the Perpendiculer height of the 
Suleco beRadius or Tangent of 45 degrees, 

Alſo, The Co-tangent of che Reclination 
of the Plain, to the ſame Radius, laid from 
the foot of the Srtile, 1n the ſame Vixtical- 
Line, ſhall give the Point in the Vertical» 
line, to draw the Horizontal-line by ; for 
a Rule laid ro this Point, and the croſſing the 
EquinoRial-line and hour of 6, ſhall draw 
the true Horizontal-line. 

Then make the diſtance berween this 


and 6, a := Tangent of che Welt or Faſt 
Azumuch in che Table, and then the Sector 
1s ſer, to: lay off all thereſt, by raking the 
= Tangents of the Numbers in the Table, 
and Iaying them from the Vertical-point 1n 
the Horizontal -line, both wayes on che Ho- 
rzontal-line. RO 
For, from bence you may uote, That the - 
oun, being in the EquinoCtial, doth rife and 
K 3 ſer 


"ww 
ſet near 6 « and alſo doth riſe near the Faſt- 
point, and-ſer near the Weſt; therefore the 
jame Point in the Dial, muſt be for the hour 
6 in the morning ; and the Eaft Aximuth, 
ot the hour. 6 ar night,” and the Weſt/ Ari- 
muth, according as the Plain declines Eaft- 
wards or Weſtwards, 
Then Right Lines drawn from the Verti.. 
cal-point jn the Meridian, and to all theſe 
Points in the Horizontal-line, ſhall be the 
Azimiuth-lines required, 
A thus for Example in the F igure annex- 
ed, bcing the Third' ſort of South-Recliners 
before-going'z Declining 35 degrees South- 


welt, and Reclining 60 degrees, C H is the | 
Subftile, C G the Scile, H the Foot of the | 
Stile, I K the Vertical-line drawn through 
the toot of the Stile the Verrical-point in | 
the crolling of x2 ( and the Vertical-linc ) | 
and- yet right under G the Apex { confider- | 
ing the Reclinaticn) and the raihpg of G the | 
Apex,Square, or Perpendiculer to H the foot | 
of the Stile 3 Then, I'fay, a Plumb-line let | 
fall trom'G; will reſt in T,the Vertical-point; | 


The Dial being ſer in its due place, 


Then G H, the Perpendiculer height, | 


made 2 = Tangent of 45; HI 1s the Co- 
tangent of the Reclination, viz. 30; and 


K the Tangent ol the Reclination 60, be- 


ing 


fy ÞAA as a. 


Eaſt- 
re the 
hour 
nuth, 
Am 
Eaſt- 


lerti- 
theſe 
'e the 


ne 
liners 
outh. 
is the 


of rhe 
—_— 
nt iN 5 


line) ? 


fider= } 


'Gthe ! 
e foot | 
ine let © 
point; | 


eight, | 


IC Co- 
» and 


b] 


O, be- 


1g 
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IFL 
ing the Vertical-point in the Horizontal. 
line, from whence to lay the = Tangents, 
of the Rumbs in the T able laſt made, into 
the Horizoncal-line,  :. | 
Then Lines drawn from the Vertical- 
point I, to thoſe Points in the Horizontal. 
line, ſhall be the Rumbs or Pointsgfrche 
Compaſs, Vertical Cucles, or Azimurhs rc- 


quired. pe; 
Otherwiſe, | 
When you have made the Tables of. the 
Angles at the Zenith, as before, you may by 
this Canon make Tables of Angles at the 
Vertical-point, berwcen the Vertical-line 
and the Rumb, tobe drawn on the Plain. 


1 


As the fine of 9o, 
To the Co-fine of Reclination, or Incli- 
nation ; 


| Sorhe Tangent of the Angleat Zenith, 
To the Tangent at the Verrical, 


This Table being made, you may _ 
Point in che Vertical-poinr, ang deferibe a 
Circts co any Radius,” and cherein prick off 
trom the Vertical-line, the' ſeveral Chords 
of the Rumbs, as 1n the Table you thll-make 
by-the laſt Canon. ' =. 


. A:T able 


K 4 


i 


_— 


LY T able, /b 


ewing at what Hour and Minate the 
Sun i in, in an even Azimuth, or Point of|. 
the Compaſs in Vy, V, <&, for 51-32, 


Degr. i 


-qalt's; 


H, M, 


Alr.V (He M.) ae hl. M: 


OO0®00 


-<162-00 


II 15 
22 30 
33 45 
45 00 
56 I5 


161 39 


60 33 
58 3! 
55 4© 


[ 2»0O 


11 38 
IT 15 
10 46 
IO 17 


38-28'12-00 


mm 


I5-00 


I2- © 


37 58.11 2 
36 1910 48 
33 2919 Jo 
29 22, 9 28 


I4 I7 
I2 og 
8 17 
3 O09 


II 16] 
Io 27 
9 33 
8 39 


E |51 35 
. 146 06 


9 42123 51| 8 42 
9 ©2116 56 7 5I| 


67 32 
78 45} 


'E, by N.ſ1 21 


| 09 o0:Norrh. 


:139 03 
39 38 


8 15] 8 49 6 57 
7 21] © © 6 00 
6 24 | 

E 19 ; 


E.N. E.j11 10 
| 4 18 


3 45 


Laſtly, by help of this Table, being general 
_ for all Dials inihs Latitude 51-32, © 

of yeh i OL baths 
Firſt note, The Table doth ſhew the hour 
ang minur, together with, the Suns Altitude 
nv, , and 5, when the Sun is juſt on 
an 


- 
+ 


| Fj d 
ſo 


\ 
/ 


- 


Id 9y 


'F Iy3: ] BY 
n even Rumb, or Point of the Compaſs z 


> that having drawn the hours, and quar- 
ers of hours. ( by the Sector eafie to do ) 
irough the Plain in light Lines, make pricks 
1%, V9 and &, as the Table ſheweth, 
; Then you ſhall ſee that a Rule laid to the 
ertical-point, and any one of thoſe three 
Dints ſhall cut the other two, if the former 
Lines be true, and you eſtimare the minuts 
jell, 
[& Note, That this laſt Table in the Equi- 
tial, is thus readily made, by Sines and 
| angents, 


| 


\s the fine of 90, to the ſine of the Latitudez 
pis the Tangents of the Azimuths from the 
[Þ Meridian, being the firſt column in the 
Table, 
othe Tangent of the Angle between the 
Meridian, and Azimuth Line on the FE. 


1þ quator, which are the numbers 1n the 


IF 6th column, reduced into hours and 
minuts, 


Fo that you ſee the Azimuth of 45, or 

umb of S.E. will croſs the EquinoCial at 

8 minuts paſt 9, 2s in the Tatle , which 

able is eaſily made by the Trianguier-Qua- 
zant, by the Rules in Chap, XV. 

| gn. : VI. To 
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VI, To deſcribe the Almicanteys, or the 
Parallels of the Suns Altitude abou 


the Hortzog. 


preſſed. 


; Onthe Horizontal Dial they are Circles, 


making the Perpendiculer height of the Stile 


Radius, or Tangent of 45 ; prick off on the | 
Hour-line x2, from the foot of the Stile, | 
the — Tangent of 10, 20, 30, 40, FO, 6o, * 
8c. Then ane Point of a pair of Compaſles | 
ſer in the foot of the Stile, and the other | 


opened to 10, 20, 30, &c, draw thoſe 


Circles: for the Parallcls of che Altitude rc. 1 


quired. 


| For all Freft Dials, whether Dirc& or | 


Declining, they are beſt done thws; 


If the Stile be in, and right ſer, then the | 
diſtance from the Nodus, - to the croffing 'of | 
the Horizontal-line, and Azimuth. line, on 


which you would prick down the Altitudes 


ſhall be the = Tangent of 45 3 thei the | 
Sector ſo ſer, the = Tangents of x0, 20,30, | 


&c, laid from the Horizontal-line on: the 


reſpective Azimnths, ſhall be Pointsto draw | 
the Parallels of Alticrude by (or by opplyins | 


Lic 1 


Firſt, on the EquinoRtial, theſe Lines | 
ſhewing the.Suns Alticude, . cannot be ex. ? 


or the 
e above 


e Lines 
: be ex. | 


Circles, | 


he Stile 


on the | 
e Stile, | 
FO, 60, | F no : 
paſſes ner z for the Perpendiculer height of the 


e other { 


7 thoſe 


ade rec. | 
rect or | 
1en the | 


ing *of | 
Ic, On | 


tudes 
the | 
0,30, | 
Mn the 
draw | 
plying | 


the 1 


ns" OI Ss a 


&,... WY 
the Rule to the Nodus and Plain, and the 
Thred to the Almicanter ) as afterward is 
plainly ſhewed. 

Bur if the Stile 1s not 11, then the Secants 
to the fame Numbers and Radius, that 
pricked down the Azimuth Lines, ſhall be 
the ſeveral Radiuſſes to uſe as before; where 
you may note, That the Suns Meridian Alti« 
rude in the whole even Signs, will help to 
prove the truth of your work, 

The Eaſt and Weſt EreGt Dials, are fitted 


with Parallels of Altitude in the ſame man- 


Stile, is a Tangent of 45, and the = Tan- 
gents of 11-15, 22-30, 33-45, &c. laid 
from the foot of the Stile in the Horizontal- 
line, draws down-right Lines for the Azi- 
muchs; and the Secant of x1-I5, 22-30, 
33-45, &c. ſhall be the ſeveral Radiuſles 
to prick off the = Tangents of 10, 20, 30, 
40, 50, 6o, ( or what you will ) on thoſe 
Perpendiculer Azimuch Lines, for the Af. 
micanters, or Parallels of Altitude required, 

But for Declining Reclining Plains, you 
muſt firſt draw the Azimuth Lines, as before 
is ſhewed, and then find -alſo the length of 
the Axis of the Horizon, as Mr. Gzyter calls 
it, which is thus done ; 


Make 


Was O_o 


ow OE ORE 


—_—_— Ng cnerene ne—> Wng 
— -—* Pe en 2s 


| [ x56F] 
Make the length of the Perpendiculer- 
Stile a = Tangent of 45, wiz, GH Fig,Il, 
then H I 1s the Co-tangent of the Rechina- 


tion, and H K che Tangent of the Reclina- ! 
tion; and then, as the SeQor Rands, the | 
Secant of the complement of the Reclination, | 
ſhall be the length of the Axis of the Hori- |! 
zon required, viz. GI, or by the Sines and } 


Tangents Arrificial, 


As the fine of the Reclination, to the ' 


ſine of 90; 


So 1s the length of the Stile on the Line | 


of Numbers, being taken in inches and 


ICO parts, tothe length of the Axisin | 


the ſame parts, 


Which is an imaginary Diagonal Line, | 


reaching from che Apex to the Vertical- 
point, | 


This being found, you muſt find the 
Angles berween this Axis and che Horizon 
tal-line, on cvery particular Azimuth 5 and 
laſtly, che diſtance between the Vertical- 
point, and the Parallels of Alcitude, on e- 
very particuler Azimuth lait drawn. 

For the doing whereof, you muſt work 
as you did before, to lay oft the Signs, or the 
Parallels of the length of the Day, for theſe 

| Almi- 


I 


liculer- 


Fig.Il, 


eclina- | 
eclina- | 
Is, the | 
ation, | 
> Hori- | 
es and | 


cLine ' 
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Almicanters, bear the fame reſpeX or pro. 


ortion to the Horizon, as the Parallels of 
the length of the day have to the Equator, 
and are deſcribed in the fame manner, as 
tolloweth. See Frgure INT. 

Firſt, draw the Line AB, and make AB 
a Chord of 60, and ſweep the Arch of a 
Circle, and lay off 1o, 20, 30, 8c. and 
draw the Lines from A the Center, and 


J mark them with 10, 20, 30, 40, 50, 60, 
to the ! 


b 


esand | 


\x1Sin | 


Line, | 


rucal- 


| the 
120Ns» 

and 
tical- 
on C- 


work 
T the 
theſe 


lint 


i 


the even Loth degrees; or, 45 for cqual, 
26-34 for double, 11-19 for 5 times, the 
length of the ſhadow and object, or what 
you pleaſe, 

Then, 

Draw AC Perpendiculer to AB. and 
lay off the length of the Axis of the Hori. 
z0n fromA toC; then make A C the Co. 
fine of the Reclination, and as the Sector 
ſtands, take out the fine of the Reclination, 
and lay it from AtoD, and this will be the 
diſtance from the Apex to the Horizon; 
Alſo, the fine of go ſhall reach from Cto 
D, the diſtance berween the Vertical-poinc 
and the Horizon ; alſo the neareſt diſtance 
from A to CD, 1s the Perpendiculer hezghc 
of the Stile A H. 
X Then 


Take the diſtance from I, the Vertical. 


point 


the Trygon, or III Figure, from C to the 
Horizontal-line A D, produced if necd be ; 
and draw thoſe obſcure Lines, as in the Fj. 
grre, and mark them with the Names of: 


the Rumbs, to avoid confuſion 3 then is 


yout Trygon made ready for uſe. 
T hen, 


Take the diſtance from C in the Trigon,: | 
to every crolling of the Azimuth-line and: 


Almicanter, and lay it on the Plain from! 


the Vertical Point I, on its proper Azimuth,! 
finiſhing one Almicanter before you meddle} 
with another, and the work with patience! 
and diligence will be performed ; che linc-! | 
are to be drawn from Point to Point, wi?.: | 


a ſteady hand, or a bending thin Ruler, b+- 
ang Conital Sections. | 


Ny Note, 
. - That when the Vertical-lJine of che Plair. 


ls on an even Azimuch, then bait the- 


number of Rumbs will ſerve, ' being laid 


each way on both ſides at once. 


Or 
Having a Table of the Angles at the Ze- 


nich, the ſame as you made to draw the A- 


zimuth-lines, draw a Line at any conveni- 
enc diflance, Parallel to A C ; che further 
trom 


a 43. ..4 Y 
point ont the Plain, to the Horizon on every] 
particular Azimuth Line, and lay them in 


| every} 
em 111 
to the 
cd be; 
the Fp. 
mes of: 
hen is 


T1gOn, 


n trom! 


muth,!- 


neddlet 


atience! 
ic line: 
t wu? 
ers Þt- 


- Plain. 
1it the: 


g laid 


the Ze- 
the A- 
nvent- | 
urcher: 
trom 


in the Figure 3 and note, where CD crofles 


FE, Os - 
from A C, the larger and better, as DEF 


the laſt Line EF, as at D; make DE a 
Parallel fine of 90, and lay off the fine 
complements of the Angles at the Zenith in 
the Table, from E towards D, and draw and 


(mark che Lines, as in the Figure. 


Otherwiſe, | 
The Stile being fixed, and the D.al ſet in 


Hl its place where it ruſt be, or at leaſt ſer to 
Ie and! | 


the fame Reclination, and Declination that it 
muſt be ; then if you apply che fide of the 


Flrianguler Quadrant to the Nodus, and the 
Frorner ar the end of the ſame edge tha 


Ftoncheth the middle of the Nodus to the 


"Bain ; and at the far 


| 


Pummert matinee 1927 


22 time, the Thred and” 
1:/4 on the Almicanter 
rol wouid oe, ou mav fnd as many 
Paints, and mines then as you pleaſe, with 
our al1_rhe former tronble, and 1t may be 
very {hit as rut, if che under-fide be 1N- 
onyement, You way ule rhe upper; only 
»X jure, that the Hide you apply, and rhe 


Thred and Plummer play at the Angle of 
the Almicanter required, 


VII, Fo 
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1 
VII. To draw the Circles of Poſition,, | 

or Houſes. [ 


| 

The Circles of Poſition, or 12 Houſg, 
meer and croſs one another in the crolling 
the Meridian and Horizon ; therefore the 
Horizon is the begining of the 1ſt and 7th 
Houſes, beginning at the Eaſt, and reckon» 
ing under the Earth, by Imum Cel:, to rhe 
Deſcendant, or 7th Houle, at the Welt-paj 
of the Horizon ; and ſo to Medium Col, 


the beginning of the torch Houle, to che 


Aſcendant, or Horoſcope, the beginning pf | 
the 11t Houle. A 


5 
Todraw theſe on the Horizontal-Dial,nhere 
they are Parallel Lines to the Hour 12, 

do thus ; | 
Take the diſtance from the Apex to the 
EquinoCtial-line, and make it a = Tangcne 
of 45 ; then the — Tangent of 30 degrees 
Jaid both wayes on the Equinoctial, thall 
give Points to draw Lines by, =to 12, fp 


- the Houſes required, 


For all Upright D;als and Recliners wil 
Centers, ftreight Lines drawn from thi 
meeting of the Meridian-line and Horizon 
to every two hours, counting from 12 on 


the 


0107, | 
| 


| 
Houſg, 
fling of 
ore the 
nd 7th 
reckofts 
to rhe 
elt-pay; 
» Cel, | 
wche : 
ning pf 


5 
[where 
wr 12, 


fo the 
angenc 
degrees 
, {bal 
2, ip! 

{: 
rs wit 
m thi 
2T1zON 
I2 Of 


the 


A . ——————— — —  ——— mm —— — — — I — 
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Fee” 


IG -| | 

| the Equinoctial, ſhall be the Houſes or 
| Circles of Poſition required, Y 

3 For Eaſt and Weſt Dials, take the Radius 
Fas before, wiz. from rhe Apex to the Equi- 
SnoCtial-linc on the Plain, which here is the 
Meridian (and bur the length of the. Scile) 
3a Targent of 45 ; then the = Tangents of 
330, Go, and laid from 6 on the EquinoGtial- 
Vine, gives Points to draw Lines Parallel to 
he Horizon, for the Houſes required. 

4 For Eaſt and Weſt Recliners, the Perpen- 
Xiculer height of the Stile made a Secant of 
©; then the Sccant of the Stiles Elevation, 
hall be Radius to prick oft-che = Tangents 
Þ* 30, 60, on the EquinoCtial-line from the 
Foot of the Stile, whereby to draw Lines 
Parallel co the Horizon for the Circles of 
Poſition required. © RD | 

J All theſe Lipes may moſt elegantly and 
Hafily be drawn; and expreſſed, on a large 
Tiling, with competent cxactnels 1n this 
$anner following, 

J Firſt provide a Quadrant of Braſs, or 
thin Wood, of about a foot Radius, or 14, 
15, or 16 inches; alſo, a Semi-circle of 
Braſs, of about half an inch broad, and a- 
bout an inch leſs Radius than the Quadrant: 
the Semi-circle mult have at each end, fome- 
what more than to make up 180 degrees, 
£0 
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co nail to the Tranſum, or ſtroke of the Win= 
dow, where your Glals is to lie. 

Alſo, to one Ray of the Quadrant muſt 
be faſtened rwo ſtrong Wyres, to faſten the 
Quadrant to play after the manner of a 
Cafemenr, one Point in the Ray of the Qua- 
drant next the Center, ſticking in the hole 
where you intend the Glaſs ſhall lie ; and 
the other end faſtened to a piece of Wood 
nailed on the two upright Poſts of the Win- 
dow, fo that howſoever you turn the Qsa- 
drant, fixed on thoſe rwo Points, 1t may be 
preciſely Perpendiculer, the Semi-curcle play- 
ing all the while through a hole 11 the 0- 
ther Ray of the Quadrant, that lies Horizon- 
tally ; having a Skrew to ſtay the Quadrant 
at any Azimuth, as in Figare IV, is plainly 
expreſſed to your view, 

Then having degrees on the Semi-circle, 
and alſo on the Onadrant, and having fitted 
the Quadrant on his Points to play preciſe- 
ly Perpendiculer, which the Plummer in 
the Quadrant will ſhew,by turning it round 
abour, and put in the Semi-circle through 
the hole in the Horizontal Ray of the Q#a- 
drayt, and nailed it fo to the Stoole or 
Tranſum of the Window, by putting two 
little bits of Wood under the ends, that the 


Quadrant may play evenly and ſmoothly 8 
the 


reciſe= 
Ret In 
round 


rough 
Ox4- 


ole or 
1g two 
at the 
hly on 

the 


163 | 
the Semi-circle- SE the half-round, for 
quite the half-round wall not be neceſſary, or 
uſeful. | | 
Then is the Inſtrument ſet fit for its Ope= 
ration, 


Then firſt, to find the Declination, of rather 
' the true Meridian-line. 

Turn the Quadrant till the edge be juſt 
againft che Sun, and ar the ſame inſtant ger 
the Suns Azimuth; then if you count ſo 
much as the Sans Azimuth 1s, on the Braſs 
Semi-circte, trom the place che Quadrant 
ſtands ar, the right way, a Line drawn from 
the Center of the Semi-circle, or Quadrant, 
to that place, is the true Mrridian Line; 
which place you muſt carefully find by rwo 
or three tryals, 'and then mark it wich Ink 
or otherwiſe, on the Braſs Semij-circle. to 
count from chence, in ſtring the Quadrant 
to the Suns Azimuth, art every hour and 
quarter in choſe Points you intend ro araw 
on the Ceiling; which a crooked Rule ſer 
to 00, on the Semi-carcle. co paſs to and fro 
with the Qzadrant, will make cafie. 

Then; having a Table of the Suns Alti- 
tude, and Azimuth, at every hour 1n chat 
Latitude you draw the Dial tor, 


Firſt, ſer the Quadran: to che Azimuth at 
L 2 che 


_ 


[ x64 
the hour; counted the right way from the 
marked .Meridian-line on the Semi-circle, 
and there $krew it faſt; Then extend the 
Thred faftened in the Center of the Qua. 
drant, Il it cut the Alcicude of che Sun at 
the ſame hour and Azimuth, on the degrees 
of: the Quadraxt, andextending the Thred 
to the Cerling, make a mark for that Hour 
and Alrtitude ; that Poinr at thar time, gives 
the true place where the refle&e | ſpor will 
fall, art thac Hour, Azimuth, and Alcitude 
on the Ceiling of the Room. 

. This work repeated as many times as there 
be hours .and quarters in the Summer, and 
Winter Tropicks, for about 5 hours, (and 
in the Equinoctial, and any where between, 
af. you pleaſe) ſhall give Points enough to 
draw the Dial, and. alſo the Tropicks, and 
Azimuths, and Alticudes alſo, it it were 
conventent to mark tt ; Or, to any other 
Alcitude you mind to have at thac Azimuth, 
all at once, or at moſt with two flips of the 
Thred ;z the Italian, Babyloniſh, or Fewiſh- 
Hours, as eaſily drawn by Points found in 
the other Lines, | 

Alſo, On the Meridian-line, you may add 
the day of the month, or any thing that 
depends on the Suns Meridian Altitude 
which work being well done, and drawn 
with 
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6 
with {moth Lines, and well ornamented, 
would he a comely 8 pleaſant Ornament to 
a Ceiling, and far cheaper then ſome trer 
Ceilings are done, and more uſeful.” © 

Laſtly, When all is done, to put the Glaſs 
i1 right, the Folle being firſt rubbed off, to 
co caule it to give bur one {pot, let the Super 
ficies of the Glaſs lie juſt ſo high as the'Cen- 
ter of the Quadrant ' was, in the drawing 
the Lines, and pur ſome Putty 'wnder it, 
and the Sun ſhining, make it to play righe 
on the true Hour, Alticude, and Azimuth ; 
or, if it be juſt at noon, *then bend 1r-oii the 

Putty with your finger, till it fall juſt -on 
the Meridian, and day of the Month alſo in 

the Meridian-line. = 

Alſo note, That look what Altitude the 

Sun hath at any time, the ſame will-the're- 

fleted Alritude be, at the ſame time, if che 

Glaſs lie true, which :wo Obſervators at the 

ſame time may carfully prove, | 

The making of the Tables of the Suns 

Altitude and Azimuthzis very largcly ſhew. 

ed in the 15th Chapter, Uſe the 37th and 

38th, where yout have waycs both general 
and particular, for any one or more Lat!i- 
rudes, | 


L.3 The 
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The Fi gure Explained, 


A, the place on the Trenſum for the Glaſs 
to lie on, and in the middeſt thereof one 
Point, in the Ray of the Quadrazt, is to 
play ; IH, a piece of Wood to be nailed 
taſt at H and 1, for the other Point to play 
inat G: L, the hole for the Plummet to 
play in, .being cut through the thin @ua- 
drent :  BandC, the ends of the Scmi- 
circle, nailed on the Trayſum or Stoole: 
K, the. hole in the Quadrant for the Semi- 
circular-Ring to paſs through: FE, the 
Poltscf' the Window : D, the beginning of 
the degrees on the Semi-circle: AM, a 
Thred. extended from the Center of the 
Qradrant to the Ceiling, 


Thus-you have the uſual wayes of Dialing 
in a competent meaſure, plainly, and 
practically handled, which may be uſe- 
tul ro many a Learnerz and 1 hope 
will. be as well accepted, as with free- 
will (though with lictle ability, and leſs 
Icrſure) readily imparted, 
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A Table of the Suns Azimuth from the 
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South, at every Hour and Quar- 
ter, 51-32. 
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( Table of the Suns Altitude, at every Honr 
| and Quarter in each Sign, for 51-32, 
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The Deſcription and ſome Uſes of the | 
Sphear for Dialling, and for the 
better underſtanding of the gene 


ral and particular Scheams. 


Ext the Foot and Semi-circle Frame for 
ſupporting of it, you may covlider ; | 

I. The fixed Horizon, to which che Foot 
1s faſtened with 4 S$krews, numbred an 
divided into 360 degrees, or four go deg, 
whoſe count begins at the Divides fide otiff 
the Meridian-Circle, 

2. The Mcridian Circle, whoſe fore-ſid 
at the Nadir-point ſtands 1n the Center o 
the Foot; this is alſo divided into 4. 90), 
and begias co be numbered at the South andF 
North part of the Horizon, upwards roward 
the Zenith, and downwards toward the 
Nadirz which Circle is alwayes fixed as the 
Horizon 1s. 

3. The Equino&tial Circle, made faſt at 
the Eaſt and Weſt Points of the Horizon, 
moving up and down upon the Meridian- 
Circle, according to the Eleyation of the 

| EquinoCtial 


[ 12x | 
_ inoRial in any Latitude this is divided 
_ into mar 90*, & numbred trom the 
; (eridian each wayes to the Eaſt and Weſt 
a of the hints of the Hicks, 
| for the 4- On the Meridian Circle,is ſet 2 move. 
e gene- le Poles, to be elevated or depreſled fit to 
eLatitude of any place z on the Fiducial.. 
Pp (ge of which, 1s faſtened the Thred, repre- 
nting the Axis of the World, at any Eleva- 
*rame forn of the Pole. | 
rfider ; © 5. On the 2 Pole Points, is faſtened the 
the Foorfour Circle, which delineates or repreſents 
Yred andfic motion of the Sun, or any fixed Star, 
90 deg, nving in its ſuppoſed Diurnal motion a- 
fide offfeut che Poles of the World, and may not 
improperly be called the moyeable Meridian 
fore-ſideECucle, or Hour Circle, divided as before. 
enter off 6. The Moveable Horizon, that moveth 
4 903, fibout toany Azimuth, and ſlidech or moveth 
ith and the fixed Horizon. 
rowardY 7. The Plain, fixed in 2 oppoſite Points 
ard theft» the moving Horizon 5 being ſet, either 
d as the Horizontal, when ir lies Parallel to the fixed 
Horizon 3 or Erect, when Perpendiculer 
> faſt a thereunto ; or ſet to any Reclination or In- 
orizon, fclination, by help of the Semi-circle of Re- 
ridian-Fclivation, faſtened to the backſide of the 
of theYPlain in the 2 Poles ther cof, 
noQtial | | $, You 


[ x72 ] | 
8, You have the upper moving Sen 
circle, 1n turning about of which, whate\@ 
degree the fore-fide of the Semi-circle cut 
the Perpendiculer-point cuts the comp! 
menc-thereof,,and ro be called the uppe 
Semi-circle, or Circle alwayes Perpendicu 
ler to the Plain, © © 

9. There ought tobe a Thred faſtened i 
the Center of the Plain,to be extended to an 
Alticude or Azimuth required. 

Thus much for Deſcription, repeated a 
gain 11 ſhort thay 

The Horizon z The Meridian z; Thd 
Equinoctial Circles ; The. 2 Pole Points 
and Axis 3 The Hour Circle, or Moyecahle the 1 
Meridianz The Moveable Horizon 3 The 2: 
Plainz The. Semi-circle of Reclination {| 
The upper Semi-circle, and, The Thred, NI 

Note alſo, Every Circle is divided into 
4 times 90, and numbred che moſt uſeful I m2 
Way. ſph 

eA!ſo, onthe Plain is ſet the x2 Months, No 
and every lingie Day 35 oa which every re- 
ſpeCtive day, if you extend the Thred, then, thi 
in the degrees, is the Suns Righr Aſcention Þ th 
in degrecs ( on the iunermoſt Circle, the I I*i 


_ ſame 1n hours and quarters) from the next 


Equinoctial-point, on the Line of Declinati- 
on, his mcan Declination 3 on the Line of 
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| [173 ] | 
e Suns place, his mean true place, ſufficis 
nly crue for any illuſtration in Machema- 
cal praEtice, | x 


The Uſes whereof in fome part folow, 


i, To rc&tifie the Sphear to any Lati- - 
nude, count the Elevation of the Pole on 
he Meridian Circle, from the Horizon up- 
wards, and downwards from the North and 
fouth parts of the Horizon 5; and there 
make faſt, with the help of the {mall skrew, 
tie Fiducial-edge of the Poles Points, car. 
ying the Hour Circle fixed upon them, then. 
the Pole is rightly elevated, _ 

2, Count the complement of the Poles E. 
[vation on the Meridian, from the South 
part of che Horizon, and to it ſer the divi- 
ded fide of the Equino@tial Circle, then is 
that re&ified alſo ( in the Northern Hemi- 
ſphere, or in the Southern, ft you call che 
North Pole the South Pole), | 

3 Extend the Thred or Axis paſſing 
through the Center to the South Pole, and 
there make it faſt, and then the Sphear is 
reifted for many Uſes 3n that Latitude, 


Uſe L 


{174 J 


The Day of the Month being given, to finfſS"" 
the Suns true Place. the 


Lay the Thred in the Center of the PlaigYMon 
on the day of the Month, and in the Lin 
of rhe Suns place, you have his place. 2 
| Example. from 
On the 5th of November, it is 23 degreegvolit 
in ; orif the Suns place be given, look fofhad 
thar, and juſt againſt it, in the Months, i fi: 
the day required. | 
Example | ; 
The Suns place being x5 degrees q,I loo T] 
for it in the Line of his place, and juſt again 
at I find Fuly 28 day, | 


Uſe II. roun 
To find his Declination any day. uſefy 


Look for the day given, and right again{YDay 
it inthe Line of Declination, is his due De Hou! 
clination required, wte, 
Example. coun 
Auguſt the 5th 3 The Declination is 144 Har 
degrees 5 minutrs from the nexc Equinoctial{then, 
Pounk, Viz. = arct 
Note, In the Northern Sines,or Summcr{Mon 
xime 
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17F 
ime, the uo blk North acclination $ or 
in Southern Sines, or Winter-months, the 
Fun hath South dechnation, 3» 1 yy have 
the Suns declination, fiud that in rhe Line 
Declination, and right againſt jr in the 
Months 1s the day required. 
Example. 

21 degrees South declination, beginning 
from the Equino&tial towards the Winter 
Folitice, I ind Novemb.15. Thelike work 
had been, 1f the Suns place had been given, 
o find his declination. 


Ute III, 
The day given, to frd the Suns Right- 


Aſcention+ 


This is uſually reckoned from Y toy, 
tound, 1n 24 hours 3' but twice 12 Is as 


Juſcful, and then it is tha ; 


Find the day amongſt the Months and 
Dayes, and juſt againſt ir, in the time of 
Hours, is the Suns Right Afcention 5 ( bur 
wte, It is not right figured for this uſe ) 
counting onwards from , or the xoth of 
March, to the 13th of Septemb. and from 
thence to Aries again 3 Likewite the degrees 
are to be reckoned from 'y onwards, as the 
Months proceed. 

Example. 


C270]. 

Example. - Þt 
| On the 22 of e May, what is the Snng 
Right Aſcention ? Lay the Thred on the 
12th of May, and inthe Line of Hours i 
cuts 9-57/ counting from Aries onwards; 
or in degrees 59-15, counting as before 
Thus, if any one of cheſe 4 general things 
be given, thz other may be found, 


Uſe IV. $ 


The Suns Declination and Latitude bing 


titude. 


The Sphear being reRified, count the 
declination on the Meridian, from the Equiz 
noctial, that way the declination 1s, either 
North or South; and where the count end, 
there 1s the Meridian Altitude required tor 
that day, or Declination, 

Example. 

Fane Ix. Declination 23-309; Count 
23-30, from 38-30, the place where the Ez 
quinottial ſtands, for 5 x-30 Latitude, aug 
the account will end at 62 degrees, the Suns 
Meridian Altitude at that Declination 
Norchwards : Bur, if ic had been 23-39 
South Declination ; then count as much 
from the Equinoctial downwards, and chg 
| counk 


given, to find the Suns Meridian Als 
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{ 277, Þ 
count wall exd at x5 degrees, for the Suns 
Meridian Alcicude, at 23-30 South Decli- 
nation, 
Uſe V.. 
The Suns Declination and Latitude beiy 
given, to find the Suns Riſing or Stt< 
ng, and Amplitude, Eaſt or Weſt. 


Count the Suns declination on the Hour. 
Circle towards his proper Pole,that is Sourh= 
dechnation toward the South-Pole, and 
North-dechnation towards the Norch-Pole; 
and thereunto lay the Thred chat is faſtned 
in the Center; then bring the Hour-circle 


| and Thred both together, cill the Thred 


touch the Horizon 3 then the Thred on the 
Horizon ſhews the Amplitude, and the di- 
vided-lide of the Hour-Circle, ſhews the 
Sans Riſing and Setting on the Equinottial, 
counting the Meridian alwayes 12, and the 
2 Eaſt and Welt-points 6, and 15 degr. for 


Count | an Hour» and cvery deg. 4 min, 


Example, 


Tane II, Declination 23- 30, the Sun 
Riſeth at 13% before 4, and the Amplitude 


is near 40 deg. 


Again, 
April 10. Declination 11-30, the Am+ 


M and 


OO — SE 


#9 FRF TAE INE 
and Riſeth at 5, the Hour-curcle cutting 1 5 
degrees on the EquinoCtal, 


Uſe VI. 


The Declination & Latitude, & Suns Alti- 
tude prven,to find both Hour & Azimuth. 


ReRifie the Sphear, and ſet the Plain ho. 
rizontal ; that 1s, Level or Parallel to the 
Horizon ;. then apply the Thred to the De- 


clination, counted the right way on the 


Hour-circle 3 then turn the Hour.circle and * 
upper Semi-circle about, till the Thred cuts | 


' the degrees of Altitude in the upper Semi- 
circle, and the Hour-circle, ſhews the hour 
in the EquinoCtial, and the Semi. circle curs 
the Suns Azimuth in the deg, on the Hori- 
zon or Plain, 

Example. 

Declination x0, Latitude 5 1-30, and the 
Suns Altitude 30 5 the hour will be 8-27, 
and the Azimuth 66, from South Eaſt- 
wards.if in the morning, or the contrary it 
1n the afternoon, 

: Uſe VIE | 
The Hour, or Azamuth, and the Suns De- 
clination given, to find the Altitude, 


The Sphear re&tificd,: as before, and the 
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Hour being given, ſer the Hour-Cirde to 
the hour on the EquinoCtial 5 then bring 
the Thred co the Declination, counced on 
the Hour-circle ; then bring the upper Semut= 
circle, till the fore-fide do juſt couch the 
Thred, and the Thred on the Semi-circle, 


ſhall ſhew che Altitude required 3. and on 


che Horizon, the Azimuth at that Hour,and 
Alcitude. 

But if the Azimuth be firſt given, then 
{et the upper Semi-circle thereunto, counted 
on the fixed Horizon 3; then the Thied laid 
tothe declination, on the Hour-circle, and 
curned about till ic couch che upper Semi- 
circle, therc it ſhews the Altitude 3 and the 
Hour-circle on the EquinoCtial, ſhews the 


hour, | | 
Uſe VIE. 
To find the Suns Height in the Vertical- 
| Circle, 


Set the upper Semi-circle tothe Eaſt or 
Weſt-Point, or go degrees of Azimuth 
then lay the Thred co the declination on the 
Hour-circle, and then bring it and the 
Thred together, till it juſt couch che upper 
Semi-circle, and it ſhall there thew the Al- 
tcude at Eaſt or Welt required, 


M 2 E xample, 


| x80 ] 
Example. 


At 10 degrees Declination North, it will 
be Eaſt at 16 degrees of Alticude, 


- 


? 


Uſes IX, 
To find the Suns Altitude at 6, 


Set the Hour-circle co 6 on the Equinocti- 
al, and the Thred to the Declination ; then 
Þring the Semi-circle to the Thred, and x. 
thewes the Altitude ar 6 required. 

| Example, 

At 23-30 Declination, the Altitude 
38-15 aboye the Horizon in North-declina- 
tion; -and as much under in South-declina- | 
tion ; for, you muſt obſerye that the ſureſt | 
working 1s trom the upper or divided-fides 
ot the Rings, cn every occafion to ule it, 


Liſe X. 


To find the Hour of the Day, when the 
Sun ſhinetth. 


ReRtifie the Sphear, and ſer the Plain 
Parallel to the EquinoCtial-circle ; then {ct 
the Meridian-circle due Norch and South, 
and the ſhadow of the Axis ſhall on the 
Plain, ſhew the erug hoyr, 


Or, 


/ ff 
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Or, atherwiſe thus ; 

At the true place of the Suns Declination, 
on the Hour- circle make a mark, or ſtick the 
point of a Pin , then turn the Sphear a- 
bour, till the ſhadow of thac mark, fall on 
che Center ; ( the Sphear Randing Horizon= 
tal, as near as may be) then the Hour- 
circle ſhall, on the EquinoCtial, ſhew the 
hour of the day required, 

Note, A ſmall Bead, or knor on the 


| Thred, will do the bufineſs as well as may 


"IN 
Thus any tif like Queſtions- may be 
wrought for the Stars 5 or the manner of 
railing the Canon for any Spherical Triangle 


| whatever, to work the ſame exatly by rhe 


Logaruhms. 
As thus : 

Suppoſe T would make the Canon, or 
Propofition, to find the Suns height inthe 
Vertical Circle at any declination. Firſt, 
The Sphear being rectified, and the Plate 
{«t Horizontal, bring the upper Semi-circle 
to the Eaſt-point, and laying che Thred to 


' the declination on the Hour-circle, bring it 


and che Thred togerher, ill ic juſt rouch che 

upper Semi-circle, 
The Rings or Circles fo ſtanding, and 
M 3 being 
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being great Circles of the Sphear, there 1s 
conſtitured a - Spherical-Triangle 3n this 
form ; 

Wherein you have, 

Z &, 51-30 the Latitude, the Angle at 
the EquinoRtial ; and ZE 90, the upper 
Semi-circle ; and AB 23-30, the Declina- 
tion, part of the Hour-circle ; to find B E, 
= of the upper Semi-circle : Now this 

eing a right-angled Spherical-Triangle, 
and the parts which are given, being one 
right Angle, viz. The Angle ar A, and the 
Side AB, the Suns Declination ; and the 
Angle at E 51-30, to find the Side BE; 
Now the Sines of the fides of Spherical 
Triangles are proportional to the Sines of 
their oppoſite Angles, and the contrary« 


Therefore, 


As the fine of the Triangle BEA 51-30 


Isto the fine of the Side AB 23-30 
S015 the fine of the Ang'e BAE 90-00 
To the ſine of B E 30-39 


And the like for any other, as by com- 
paring the Rules in Mr, Norwood's T r1gono- 
metry, and the Circles 'of the Sphear roge- 
ther, the ufe and convenience thereof will 
evidently appear unto you, 

Gs Only 
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Only note this plain Obſervation, 

That the fide of a right-Angled Triangle, 
which ſubtends che Right Angle, is moſt 
properly called che Hypothenuſa ; the other 
which you make or ſuppoſe Radius, the 
Baſe. The other, the Perpendiculer. Oy - 
more ſhort, The Hypothenuſa and Legs : 
Therefore if che Hypothenuſa and one Leg 
be given, the proportion is wrought by 
Sines alone ; but if the two Legs be given, 
and firſt and ſecond in'the Queſtion, then 
the Proportion is wrought by Sines and 
Tangents together. 


As for Example. 
As the fine of wy & 90-00 
To the fine of 3 & 23-3L 
So 15 the fine of 1 &. 30-00 
To the fine of & R x1-3x 
The Suns Declination in x, 


Again ſecondly, 
As the ſine of v XA 90-00 
To the Tangent of A& 23-3L 
So.1s the ſine of VR 27-54 


To the Tangent of Ry 11-3x 
The Declination as before. 


Bur if the one acute Angle, and his oppo- 
M 4. | fire 


[$4] | 
fire Leg or Side be given, then the Proporti- 
on is made by Sines only, as in the fore. 


gving Example, 
| eAparns 


In Vertical Triangles that have the ſame 
acute Angle ar the Baſe, as the Triangle 
P & &S, and Y &R, being equal Angled 
at x ; the ſines of the Baſes are proportio- 
nal co the Tangents of the Perpendiculer, 
and the contrary, 

Likewiſe, 
The Sines of the Perpendiculers, as pro- 


portional to the Sines of che Hyporthenulaes, 
and the contrary. 


1s for Example. 


Thw for Perpendiculers and Baſes. 
As the fine of the Baſe 5 93 60-00 
To the Tangent of Perpend, & P. 66-29 
So the fine of the Baſe SR 11-3L 
To the Tangent of Perpend. YR 27-54 


Or, 
As the Tafg, Ps thePerpend. 66-29 
To the fine tv <3 the Baſle 60-00 
So the Tang, yy P Perpend, 27-54. 
To the fre Ry the Baſe II-31 


Alſo 


wed FA kr ra 
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Alſo for the Second, viz. Hypothenuſaes 


and Perpendicalers. 
As the fine of Hypothen, Py 78-29 
ime | To the fine-of Perpend. P oz 66:25 
nele I So che fine of Hypothen, V& 30-00 
led Þ| To the fine of Perpend, TR 27-54 


£10- 


rti- 
ICs 


ter, Or the contrary this ; 
As fine of Perpend, Ps 66.26 
To fine of Hypothen, P > 78-49 
So fine of Perpend, VR 27-54 
"= To fine of Hypothen, - © ''4 & 30-00 
lacs, # | 


This being premiſed, when to uſe Sines 
alone, and when to uſe Sines and Tangents 
together, you may rectific the Scheam to 
your preſent purpoſe, and ſcethere how the 
0-00 Þ Triangle hies in its Natural parts, very plain' 
6-29 Þ and demoniſtratively to be apprehended, . 
I-3L | | 


7-34 
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The uſes of the Spheax 
IN: 
DYALLING. 


© chis purpoſe, you mult take notice, | 
That the Sphear 1s very excellent to | 
demonſtrate that Art ; eſpecially all thoſe | 
Dials whoſe Stiles have any competent Ele- | 
Yation, | "1 | 
; © Therefore, firſt to explain the terms. 

The Sphear being re&tified to the Lati- 
tude ; Then, firſt the Plain, or Broad-plate, 
3s to repreſent any Plain howſoever ſcicuate, 
either Horizontal, or Erc& Direct, or Direct 
Reclining or Inclining, or Eaſt and Welt 
EreR, or Reclining, or Inclining , or Erect 
and Declining, _or South Declining, or Re- 
clining or Inclining, leſs or more than to the | 
Pole or North Declining ; or Re-inclining 
Iefs,.to, or beyond the Equinod&tial. 

Of which in their Ordex. 


I, By Horizomal I] mean, when the 
| | Plain 


J 


CT 20 
Plain is ſet even with the fixed Horizon, and 
the Notch which the Semi-circle of Recli. 
nation paſſerh in'juſt againſt the Meridian + 
then if you ftrerch the Axis fireight, and 
bring the upper Semi-circle juſt to touch the 
Axis 3 then the Axis, on the Semi-circle, 
ſhewerh the Stiles height 3 and the Edge of 
the Semi-circle on the Plain, ſhews the Sub- 
ſtile to be in the Meridian. 


wotice, Y For all the Hour-Arks on the Plain, 
ent to | do ths 3 

| thoſe J Set the Hour-circle to every hour and 
it Ele- Jmarter on the EquinoGtial; and then if you 
ing the looſe Thred, faſtened in the Cen- 
ter of the Plain, along the Plain till it juſt 
twuch the Hour-circle, then on the Plain it 
hall ſhew the Angle from 12, for that re- 
bective hour and quarter the Hour-circle 
lands at on the EquinoCtial, accounting 
3-45 for a quarter, and 7-30 for half an 
hour, and 15 deg. for every whole hour, 
5 was hinted before, | 


car 


I. 
> Lati- 
-plate, 
cuate, 
Direct 
Welt 
Erect 
or Re wh 
tO the | 2. For an Ereft Dir: South or 
lng North. Dial, 

Juſt as the Plain ſtood before, that is to 
Jhy, the Notches'of the Moving Horizon a- 


'- Jrainſt the Meridian ; turn che fixed Semi- 
Plain P* et Hs circle 


F 
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[ 


the upper-edge of che Plain reſpects the Ze. 
nith, and the lower the, Nadir; and tle 
two Notches in the Moveing Horizon ( be. 
ing alwayes the Poles of every Plain) art 
juſt in the Meridian ; therefore ic is a Dir 
Plain, and EreR, becauſe Upright without 
any Reclination, as the fixed Semi-circle 
ſheweth, Then being ſo fixed, and made faſt 
chere, pull the Axis ſtreight, and bring the 
upper Moving Semi-circle- juſt ro touch the 


Thred or! Axisz then on the upper and || 


lower Semi-circles, the Axis ſheweth the 
Stiles Elevation ; and on the Plain the Semis 
circle: cuts the Subſtiles diſtance from 12g 
21%. 00, becauſe a Dircet Plain, | 

And tor all the Hour-Arks on the Plain 
ſet the: Hour-circle co every hour, quarter 
and half hour on the Equino&ial ; wil 
bring the Thrcd eafily along che Plain, till 
it juſt. touch the Hour-circle z then on che 
Plain ic ſhewetrh the Ark from 12 required, 

Aiſo note, The ſeveral Triangles inade on 
the Meridian; EquinoRiial;.and Hour-circle, 
at every hour it 15 ſer unto, 


As thu; 


Suppoſe at the Pole, Tier P 3 at the cuts | 


ting ot-che EquinoCtial, and Meridian, A z 
# at 


[ x88 ] | 
circle; till che divided fide of the Horizdi 
cuts no deg, on the fixed Semi-circle, thay 


L 


TorizM 
2, tha 


the Ze. 
nd the 
n ( be. 
n) art 
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- £7 

$ he upper-end, or Zenith, ſet Z, on the 
Meridian, and 'where the Hour-circle cuts 
the EquinoGtial, at x & x1, ſet x5; atz 
& 10, 303 atz&9, 45; at4&8,60; 
at5& 7,753 andar6&6, 90. | 


Then the Triangle runs thug ; 

As the whole fine Þ A 90-00 

To the Tang, of A 15 15-00 one Hour oz 
(the Equinotlial, 


Fo the fine of PZ 38-30 


| To the Tang. of Z1x 11-28 the meaſure 


( 0n the Plim for \ + , 
The like work ſerves for all the reſt. 


B#t note, Becauſe the Hour-circle cannot 
paſs by x2, you muſt turn the other-fide, 
or half, for the afternoon hours, 

Alſo note, That if. the back-fide of the 
Plain do not well repreſent the South-fide, 
being the more uſeful Dial; then if you 
hold the Sphear with the foot upwazd, the 
Zenith becomes the Nadir, and the North 
Plain a South Plain, to appear more Plain to 
the apprehenſion, 


3. For a Direft Reclining Dial. 


For theſe Dials, ſet the- Plain Direct, as 
vt Dn before, 
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before, and let the upper part of the Hori. 


zon cut the Semi-circle of Reclination, aec- 


cording to the Plains Reclination, and there 
make it faſt ; then the Axis. drawn ſtreight, 
and the upper Semi-cirele * brought to it, 
ſheweth the Stile and Subſtile ; and the 
Thred and Hour-circle, laid as bctore, giveth 
the Hour-Arks on the Plain, and ſheweth 
allo how the Proportion runs, - 

'To find any Requiſite alſo you may ob- 
ſerve for all North-Recliners and South-In. 
cliners, that the complement of Latitude and 
Reclination put together, doth give the 
Poles Elevation, or Stiles height, for all 
thoſe Plains, which ſometime will be above 
90 from the South part of the Meridian ; 
and then the complement to x80, is to be 
ſer from the North part of the Meridian : 
But if it be a South-Recliner, then {ubſtract 
the Reclination out of the Comp. Lat. and 
the remainder is the Stiles Elevation : But 
if the Reclination be more than the comple. 
ment Latitude, then ſubſtra& the comple- 
ment Latitude out of the Reclination or In- 
clination, and the remainder 1s the Stiles 
Elevation. 

Nate alſe, That the upper-face- of the 
Plain, that beholds the Zenith, is the Re- 
cliner ; and the under-tace that beholds the 

; | Nadir 


e Hori. 
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Nadir, is the Inclinang-plain; Aud note; 


That both Plains, viz. both Inclinerg 
and Recliners have the ſame Requiſites in 
each of them, But, the hours proper to the 
Recliner, are not co be pur on the Incliner ; 
for when the Sun ſhines on the one, it can't 
ſhine on the other, Therefore to know what 
hours are fit for theſe or any Plains what- 
ever, do ths; F901 


The Sphear re&tiied, and the Plain ſer to 


his true ſcituation, lay the -Thred on the 


Suns declination, on the Hour-circle ( ac- 
cording to what time of ycar you would 
know when the Sun begins and ceaſes to 
ſhine on any Plain) and turn the Hour- 
circle, with the Thred ſo laid, till the Thred 
do bur juſt touch the Plain, andthe Hour- 
circle doth on the EquinoGtial, cut the Hour 
and Minuit required ; when the Sun comes 
on the Eaſt-ſfide, and when it goes off from 
the Welſt-ſide of the Plain. 
Example. 

Suppoſe you have a Direct North-plain 
that Reclines from the Zenith rowards the 
Equinoctial 25 degrees, you ſhall find the 
Stiles Elevation to be 6 3-30, the Subſtile 
from x2, The North-Pole to be elevated on 
the Recliner, and the South-Pole on the 
Incliner ; and that the Sun ſhines on the 


North 
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North-reeliner in the, longeſt dayes, viz; 
23-37, declination, from the Riſing 1 } 
before 4, till zo. 5 and then ic begins co 
ſhine on the Sauth-incliner, and ſhines til 


2:afternoon 3 then. it comes on the North. fl 
recliner again, and continues till ir ſets, ; 
But in the ſhorteſt, Jayes, -when che De * 
.clination js 23-30: towards South, then on : 
the North-recliner it ſhines not at all, but . 
only on'the Sonch-incliner, from Riſing to 
Setting 3 and fo'doth it all the time the Sun G 
- hath South-declination. ,  - : 
' This Rule. ſerves for all: forts of Dyal: \K 
whatſoever.. - 
; Note, | That the Circles of the Sphear 
ſhews the! Cahoun to wotk-this Queſtion 
exatly, whereof you have a large Diſcourſe 
in Wells his Art of Shadows, from pag. 391, ;, 
to 408, in 35 Chap. . "i 
4. For a Dire Eaſt or Wiſt Erelt-Dual. is 
. The Sphear being rectified to the Lati- - 
tude, bring the Notch in the Moveing Ho-fÞ x4, 
rizon;to the Eaſt or Welt-points on the fixed 
Horizon, v1z.'to 90 degrees ; then ſet theft | 
Plain Ere&, and make it faſt chere 3 then "4 
you ſhall perceive the Axis lie cloſe to thefſ 11. 
Plain, it ſhews the Stile to have no Elevatif ;..... 
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on, but muſt be fer Parallel to the Plain, at 
any quamiity you pleaſe, which is co be the 
Radius of a Tangent-line, whereby-co prick 
down the Hours; and that the S-b{Hle or 
place where the Cock or Stile mult land is 
in 6, . being the Houx-circle, till it be juſt a- 
gainſt the upper Semi-circle, tovchiug rhe 
Thred, and in the EquinoCual it cuts 6, the 
true place where the Stile muſt ſtand, 

Alſo, By the fpre-going Rule; you ſhall 
find the Sun ſhine, all ;the year trom che Ri- 
fing, till x2 on the-Eaſt-fide ; and ou the 
Welſt-ſide from x2, t1il his Setting. 


5. For an Eaſt or Weſt-Rewliner, 


Turn the moving Horizon: to 90 degrees 
in the fixed, as before ; then ſet the Plain ro 
his due Reclination, and make it taſt there, 
and pull che Axis, {treighr, and bring the 
upper Semi-circle. juft ro touch it, and 
ſtairway you have the Stile, and Subſtile, 
and 12, the Inclination, Meridian, and 
Hour- Arks on the:Plain, 

As for, Example. 

An Eaſt-plaiazrechining from the Zenith 
towards the Horizon 4.5 degrees, hatch his 
A . . k Li . h He * A 

{cridian,.or 12.4 clock Line inthe Hotizon; 
tor if you exicud/the Thred trom the Center 
Te 
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- £0 the fore-fide of the Meridian, juſt there 
the x2 a clock Line muſt alwayes be, which 
in this Plain lies 1n the Horizon. The Sub- 
ſtile doth lie 41-40 from thence upward, as 
the upper Semi. circle doth ſhew ; the In- 
clination Meridian 1s thus found ; Bring the 
Hour-circle, till ir ſtand even and parallel 
to the upper Semi-circle z then on the E- 
quinoQtal 1t cuts 58-77, the Inclination of 
the Meridian, with which you muſt make a 
Table of Hours, or Arks at the Pole, to cal- 
cute the Arks onthe Plain, if you work 
Arichmertcally, But by. the Sphear, Set 
the Hour-circle ro the hours on the Equi- 
noCtial, and the Thred being brough: along 
the Plain till ic conch the Hour-circle, ſhall 
ſhew on the Plain the Angle from the Ho- 
r1zon or Perpendiculer ; or with ſome more 
rrouble, from Subſtile or 12. 

Alſo, Ir ſhews, that the North-Pole 15 
Elcvated on the Weſt-reclining ; and the 
South, on the Eaſt-inclining oppoſite there- 
unto 5 and thar the Recliner in S, ſhews 
from 9 in the forcnoon, till $ at night; and 
the Eaſt Incliner from the Riſing, till 9 fore- 
noon in Summer z and in Winter, tilla 11 
in the forenoon, 

Now to wake theſe Plajns, as Erect De- 
chaners, let the complem2nt Latuude become 
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a new Latitude; and A complement De- 
clination a new Declination ; then they may 
become Ere& Decliners, as in the next orc 
following, 


6, Of Ereft Decliners Eaſt or Weſt 


By Declination, I mean the quantity of 
the Angle thar the Meridian or Pole of ptace 
makes between the Meridian, or Pole of the 
Plain ; therefore to fer the Sphear to any 
Declination, do ths ; 

The Sphear being ſ:r to the: Laticude, 
turn the Sphear as well as you can gueſs, ro 
the ſcituation of the place; chat is, put the 
North part of the Meridian towards the 
Norch ; and the South part towards the 
South ; chen turn the Notch of the moyable 
Horizon, alwayes to the degrees of the 
Plains Declination, from North or South, 
towards either Eaſt or Welt, and Uprighc 
alſo as 1n Erect Dials : Then 1s che Plain fer 
to his Declination, v1z. the diſtance of the 
Horizon between the Meridian, os Pole- 
place, which is alwayes 12 a clock, and the 
Meridian, and Pole of the Plain, being al- 
wayes juſt where the Notch is mw the Mo. 


ving Horizon, 
N 2 Now 
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Now according to theſe Rules, A;Plain 
that declines 3o degrees from South to Weſt, 
' The Stiles Elevation 1s 32-35. The Subſtile 
from x2, 21-40. The Inclination of the 
Meridian 36-24. The South Pole 1s cleva- 
ted on the South-ſide, and the North Pole 
oa the North-ſide : And the Sun ſhines on 
the North-fide from Rifing, to 83 and on 
the Soarh-fide, from $ to 7 at night ; and 
on the North again, till Sun-ſetting, by 
working as in the former DireCtions is ex- 
preſied. | 

Note, In thoſe Ere& Decliners, whoſe 
declinations is above 60 degrees, you hall 
find che Stiles Elevation to be very ſmall , 
therefore to make it exact, you mult uſe A- 
rithmetical Calculation 3 for the doing of 
which, the Sphear, with due conſideration, 
gives the beſt directions, with thelc Propor- 
tions Or Canons. 


As fine 90 ZN 90-06 
To fine Declination NC 30-00 
So Co-tangent Latitude PZ 38-30 
To Tang, Subſt, from 122 ZH 21-40 
As fine 90 ZN 90-co 

- To Co-fine Declination NA 60-00 
So Co-fine Latitude ZP 38-39 
Torfine Stiles Elevarzon” PH 32-258 


As 
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As fine Latitude 


PN gr-30 
To fine 90 P K 90-00 
So Tangent D:clination NC 39.00 


To Tangent Elevation Merid, A I. 36-24, 


As Co-tangent Latitude ZP 38-30 
To fine of 90 ZPQ 90.00 
So fine Declination ZI A 30-00 
To Co-tang, 6 from 12 A Q 5 7-50 


Nite, It you ſet P, at the Pole, 7, at 
the Zenith, N, at che North-end of the 
Horizon, at the Declination, or Pole-plain, 
H, on the Plain, jaſt againft the moving 
Semi. circle, or Subltile. A, at the Plain on 
the Horizon, A, on the EquinoGtial. I, 
the Hour-circle, cutting the EquinoGial, ſer 
jult againſt the upper Scmi-curcle. More, 
is to be ſer on the: Plain, right againſt the 
Hour-cir cle, being ſer to the Hour. 

Havirg, I ſay, "by theſe Rules, and the 
like, made and found the Requiſites, then 
proceed to draw the D.al thus 3 by help of a 
Sector” with Sines and Tangents, to 7-5 5 
ſuch as are uſually made. | 

Bur tor very far Declincrs, uſe thar help 
as directed 1n Chap, 4+ 

'The like wo;k ſcrvcs to help all ſorts of 


N 3 _ 


I9 
Dials with low Stiles, 
Diaals alſo. 

The other 6 ſorts, yet behind, I ſhall de- 
monſtrate only in rwo of them, which do 
properly enough comprehend them all z and 
the work of one, is as eafie as the work of 
the other, eſpecially by the help of the 
Sphear, where the hardeſt is as plain as the 
Hortzontal, Therefore, 


Polar, and Meridian. 


7. Of Declining, Reclining-Dials. 


I. For South Recliners, they may recline 
ſhort of, to, or beyond the Pole, at any De- 
clination, as the putting up and down the 
Plain, doth plainly demonſtrate, Theres 
loze, firſt, 


Of one that Declines South-weſt 35, and 
Reclines 29 from the Zenith. 


Set the Notch, or Pole of the Plain tothe 
Declination, and the Reclining Circle to its 
Reclination, and there make it falt ; chen 
extend the Axis ſtreight, and bring the up- 
per Semi-circle juſt co touch ir, and the 
Hour-circle exaAly eyen with the moving 
Semi-circle, 


Then, 


y "2 
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T hen, 
Firſt, The Axis ſhews the Stiles height 


on the Semi-carcle to be 12-13. 


The Thred brought along the Plain 
while 1t rouches the Meridiav, and thar 
ſhews the Meridians Elevation above the 
Horizon , on the North Recliner to be 
76-32; or its Deprefſion below the Hori- 
zon 1n South-Recliners, and that from the 
Eaſt-end, as the Sphear theweth. 

Then, 

3. The Subſtile from the Perpendiculer 
Line of che Plain, is 21-6, as the upper Scmi- 
circle ſheweth 3 but from the hour 12, or 
Meridian 7-58, and ſtands on the Eaft-tide 
of the Meridian. 

The Inclination of the Meridian is 33-293 
as the degrees on the EquinoGtial, berween 
the Meridian and Hour-circle, ſhew. 
| All che Hour-Arksars eafily found fron 
the Plains Perpendiculer Eaftwards an4 
Weſtwards, by applying the Thred co the 
Hour-circle and Plain, being fer to the 
Hours on the EquinoGial, 

+ The South Pole is elevated 1n the South- 
Recliner, and rhe North, on the North In- 


liner, 
N 4 If 
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If you ſet Letters to the Sides and Anglcs, 
according to the former diſcourſe, you will 
{ce.how all the Canons in the Arithmetical 
Calculariou lie, as L-thewed you before in 
the Declining Dials. And as again thus ; 
O:: the Pole ſet P, On the Zenith Z, At 
the Weſt-end of the Plain, fet A, At the 
Eaſt-end B. At the South Pole of the Plain 
C. At the North Pole D. Ar the Eaſt-end 
of the Horizon E. At the Weſt:end W. 
Ac che North-end of the Meridian, ſet N, 
At the South-end S. Where the Hour-circle 
curs the Plain F, Where the Meridian cuts 
the Plain G. 'Where' the fixed Semu-circle 
cuts the Plain, fer F. As in the F:gure be- 
fore, ' Then theſe Canons in ſhort runthw z 


As {inc Baſe 7D 90-00 
To Tang. Perpend. ND 35-00 
So tine of Baſe. ;\ ZE 70-00 
To Tang, Perpend, GE 13-28 


Whole complement A G 70-32, is the 
Meridians elevation, 


Asfinc of the Side GE 13-28 
Tolime otthe Angle CZE 35-00 
So fine of the Angle GFZ 90-00 
Fo unc of che $1” / GZ 23-57 


Wiich raken from; ZP 38-28, ' leaves 
14-22. ihecliflance of the Meridians pl 

TJ 55+» REQUIANCE Or TNC erigians Pp acc 
tom the Pole co the Plan, viz, GF, As 


wal CA id Pro 


nelcs, 
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ictical 
Orc in 
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{er N, 
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ure e- 
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As fine of Hypothen. GZ 23-57 
To fine of Perpend. Z E 20-00 
So fine of Hyporthen, _ PG 14-33 
To fine of Perpend, PF 12-13 


the Stile. 


As Tangent of Perpend. ZF 20-00 
To fine of Baſe GE 13-28 
So Tangent of Perpend, P F 12-13 
To fine of Baſe PG 2 
the Subſtile to x2, 

As the fine of the Side ZE 20-090 
To the fine of the Side GE 13-28 
So is rhe {ine of the Angle .P FG 90-00 
To the ſine of the Angle FPG 33-28 
Inclin.Merid.; 


For the Hours 1n all Dials, ſay thu; 
As fine of 90, 
To fine of Scles height ; 
So Tangent of the Anglear the Pole, 
To Tangent of the Angle on the Plain. 


8. For North Declining Reclining-Dials. 


For theſe Plains alſo,you muſt retifie the 
Sphear to the Laticude, ond fer the Plain to 
his Declination, and Tuclination, which is 

g1VCN, 


» 4 = 


given, and for which you are to makes 
North Declining Reclining Dial, As yon 
did in the South-Recliner, fo work in all 
reſpeRs, as you ſhall bring torth che Que. 
ſita's, eicher by the Sphear or Arichimerical-, 
Calculation, as is largely ſhewn, And for 
a Plain thar declines 55 degrees trom the 
North towards the Eaſt, and relines 29 
from the Zenith, you ſhall find che Requi- 
- ſites to be as followeth, 

I» The Meridians Elevation above the 
Horizon, 1s found to be 63 deg. 58 min. 
But yet obſerve, You muſt make uſe of that 
part of it which is below the Horizon, be- 
cauſe the Sun being Elevated high on the 
South-part of the Meridian, muſt needs caſt 
a ſhadow on the North-part thereof ; there- 
fore in drawing the Dial-parr, part 1s only 
to he made uſe of for the Su: to ſhine on. 

2, The Sciles Elcvation is 37 degrees 
OO minuts, 

3. The Subſtile from 12, 65-24; or 
from the Plains perpendiculer 39-22. 

4. The diſtance of the Meridian of the 
place from the Pole of che Plain, is 70-33. 
The Angle between the 2 Meridians 74-38. 
The Hour-Arks are tound by applying of 
a Tired Go the Hour-circle and Plain ; the 

Hour- 
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ying of 
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Hour- 


{Hour-circle being firſt ſer ro the hour on the 
[EquinoGtial. y; 

| The North Pole is Elevatedz and in re 
gard the Plain declines to the Eaſt, the Stile 
| muſt be ſet cowards the Weſt, and it ſhines 
on the Plain in Summer-time, from the Ri- 
ſing unto x2: But in che Winter-time, bur 
| a few hours. 

Note alſo, That theſe Declining Reclin- 
| ing-plains, may be referred to a new Lati- 
tude and Declination, wherein they ſhall 
become Upright Decliners, as before is hin- 
ted, 


El —— 


The Poar-Mans Dtal-Sphear 5 Or a- 
nother way to demonſtrate the Myſtery 
of Dyalling, both for Declining and 
Inclining Plains, in a very plain, 

 eaſie way, for one 6th part of the c9ſt 
of the other Braſs-Sphear. | 


Firſt, a to the Deſcription, auth afterward 
for the Vſe. 


' A S to the Deſcription, the Figure an- 
A nexed, and a few words ſhall ſuffice; 

wherein conſider, 
Firſt, The plain flat-Board, As” 
the 


yg 0» a oem tdi 9 oor rn ar—twne nth bones pennant 7 V 
o 
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che Horizon','' as ABCD. 


S:condly, , The rwo upright pieces, as | 
Faſt and Welt. p2ints, as A E, and BF, to | 


ſupport rhe moving Plain. 

Thirdly, * The Moving-plain, moving to 

any Tnclination, on the two Points E and EF, 
with 180 degrees upon thePlain, and nord 
by ABEF. _ 
" Fourthly, Alfo a Brafs-circle as G, fa. 
ſtened to the Plain, to ſer 1r: to any degree 
of Inclination ; and a Skrew,'asat H, that 
may ſtay it ſkeady, when ſet toany Reclina« 
tion, 

Fifcly, On the middle of. the Horizon. 
tal-board, is faſtened atthe Paint M, a true 
Horizontal-Dial, drawa fit” for your Lati- 
tude, and to turn round on the Point M, as 
IMKL. 

Sixtly, A Thred faſtened Th OY the Cen- 
ter of the Horizoatal-Daal ; and. in N, the 
Center of the Plain ; to he both a Stile for 
the Horizontal-Dial, "ad" to repreſent the 
Axis of the World ; . alſo .a; ſmall Wood- 
den-Quadrant will be uſeful - ſuch aone as 
half the Plain 1s, to draw Perpendiculers, 
and mcaſure Anoles, as afterwards in me 
Uſes, The Utes follow. | 


Ule I; 


4 


' 


[ 


Ks 


a 
ee SI 


LE SN 


[205 } 
Uſe I. 


| " find the Declination of a Plain by.the 


Sun-ſhining. 

Apply the fide AB to the Wall, and 
hold the Inſtrument level, as by help of a 
Point Plummer, faſtened at N, and the 
Point playing right -on M, it is caſte to dog 
then by the Trianguler- Quadrant, having 
firſt obſerved the true hour, turn the Hort 
zontal-Dial about on the Poznt M, till the 
ſhadow of the Thred ( or Axis ) ſhew the 
ſame Hour ; then the Poinc on the North- 
end of the Horizonral-Dial, ſhall ſhew the 
trae Declination of rhe Plain. For any 
South Decliner, the uſe is obvious, < 

But for Norrh-Decliners, you mult tur 
tbe Plain our of the way of the Thred, ſtiff 
Keeping the ſame fide, AB, to the Wall ; 
and if the Horizontal-Dial hinder, pur a 
Parallel.niece between, as your Rule, or any 
other thing, aud you thall have the Point. 
give the Decliaation on the Southern Semi= 
circle on the fixed Horizon, Is 


Uſe IL, - 
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Uſe IL. 


The Declination of any Ereft Declivey pi. 
wen, to find the Subſtile, and Stile, [n- 
clination of Meridians, and every hour | 
and quarters diſtance from 12, being if 


the Pergendiculer Line on the Plain, 


Firſt, Set the Point at x2 on the Hori- 3 
zontal-Dial, to the Declination of the Plain, 
toward the Eaſt or Weſt, and ſet the Plain # 


Upright, 
Then firſt for the Subftile. 


Apply the ſide of the Quadiant to the : , 
Plain, and cauſe the ſhadow of the Thred } 


ro play Paralle] to che perpendicular Ray of 


che Quadrant, and at the ſame time it ſhall F 


ſhew on the degrees on the Plain, the true 
Subſliles diſtance from 12. 
Exampl:. 

Suppoſe the Plain decline 20 degrees 
South-welt, you ſhall find the Subſlile ro be 
x5 deg. and 127 from 12, and to ſtand on 
the Eaſt-ſide of 12, in a South dcclining 
Welt 20 degrecs, Latitude 5 1-30, 


Again, for the Stiles Elevation, 
Apply the Quadrant to the flat of the Plain, 


on the Subſtile Line, ſo as the Thred may 


cut the Center of the Qaadrart ; and then 
the 


peg rm 


 cuart 
 erees 
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q the Thred ſhall cur cnthe Quadrayt 35-46 


{ for the Stiles height, 


In- 3 Again, for the Inclination of Meridians, 
Por : The ſhadow of the Thred when it cuts 
Sg © theSubſtile x5 deg. 12/7 on the Plain, ſhall 
. | on the Horizontal. Dial cut x hour 36 min, 
| which reduced to degrees, is 24 deg. 50 min, 
© the Inclination of Meridians, 
an Y Again, for every Hoars diſt ance,in degrees 

? and mints from 12. | 
I Turn the whole Inſtrument about, (as ir | 
the  ;; then firſt ſet) till the ſhadow of the Thred 
red YN 1a1l fall on every hour and quarter, and 
y 01. Mthen the ſhadow ſhall cur on the degrees on 
hall WY] the Plain, the diſtance of every hour and 
rue Mquarter from x 2, for that declination, in de- 
{ grees and minuts 3 which you may draw in- 
Jtoa Table, for your uſe and purpoſe z or 
rees F hereby examine your more exact Calculation, 
J and prevent all groſs miſtakes in your for- 
lon {mer work. 
ing | Life 1IT, 
Any Declining North-caſt, or North-weſt- 
Dial being given, to find the former 
un, | Requiſites for thoſe Dials, | 


Jn the true profer uſing the Sphear for 


North. 
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North-Dials, the Stife thould look upwatds, 
which will appear ſo to do, if you turn the 


Inſtrument the botrom upwards, for the fur- | 


ther help to your fancy ; but obſerve that the | 
Hour-Arks, and Angles, are the fame for | 


the North, as for the South, only the dif- 7 
ference is in the Scituation, as to the contra- | 
ry-fide, and looking upward inſtead of the | 
South Decliner, looking downward, as by | 


turning the Inſtrument appears; fo thar if 
you draw, the Dial as a South-welt, when 
you would make a North-weſt; and ſer 
right figures, and the right way, and then 
your work is effeed ro your mind, ro the 
right intent and purpoſc, 


Example of a North-Eaſt, 30 degrees, 
Latinde 5 i-30, 


Set the Point at 12, to 3& legrees Volts þ 
ward, and apply the Square to tic Pliitt, | 


e 


till ic juſt conch the Thred 3 and vi the de. | 


Srees on the Plain, it cuts 21-40 for che 
Subſhle 3 and ar the fame time almolt halt 
an hour paſt 2 for Inclination of the Mert- 
dians; and applying the Quadrant to the 
s - _ .» IM 
Subſtile-Line on the Plain, and to the 


Thred ; it cuts 32-35 for the Stiles height, | 


being the ſame, and the ſame way found | 


2s for the fouth Decliner Eaſt, 


Bat 
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But obſerve, That for the Hour- Arks,you 
muſt note, That the North-Dial cannot ſhew 
12 at Noon, nor any Hours very near 
Noon, which will be ſeen on the South De- 
cliner Eaſt 5 Therefore 4 in the morning, is 
here called 8z aud 5 is called 7 ; and 6 is 
6: 7 1n the morning, is called 5 ; and 8 is 
to be named 4 : And if you turn the Inſtru- 
ment, that the ſhadow of the Thred may fall 
on. thoſe? hours, ite. will alſo cut. on the de- 
grees on, the Plain, the. true Hour-Arks re- 


quired. 
>5t4 |  Asthua; | 
For-8; it ſhewerh is nor ; at 7,ie hewerh 
77-00; at 6,it ſhewerh 58 deg-52 minuts z 
at 5, it: cuts on the. degrees on. the Plain 


45-38; at4 inthe morning, it cuts.on the 


Plain 35-27 ; bur the ſhadow falls then on 
Hour. of 8,0n the Horizoncal-Diat.. . 

Alſo nate, That theſe numbers axe not laid 
from che'Subſtile,. bur from the Plains Per- 
pendiculer, which in all Upright Plains 1s a 


; phy = Line ; and in all other Plains, 


a Perpendiculcr to the Horizoncal-Line, 
drawn: on the Plain. And thus proceed 
with any other ; rhe affections are beſt ſeen 
when you turn the Inſtrument che. upper- 
part downwards, * i 

rl; .9:1% Uſe IV. 
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Uſe IV. | DAL 


The skrew. make it : faſt and ſteady in that | 


Iace. 3 345; 


| J bein 
'To' find the Requiſites, and to drawthe I} Thr 
'  Honrs on afar Declining Erett-Dial, | the 
S. Ww, $06 © | : pen 
| (2423 | | che | 
Serthe Point to $0, as before S. W. then Þ of 
the Thred. and the Quadrant ſhall ſhew Þ} (11s 
' 38-2 for the Subſtilez and 82-8 on the Ho- ÞF ;; q- 

rizontal, for the Inclination of Meridians; {« thac 
- and. 6-12, for the Stiles Elevationz/ and the ff Cc] 
ſhadow of the Thred on the Horizontal. = 
Dial, will ſhew youhow. cloſe and inconve- | pj,;, 
nient the Hours will be, if nor helped by the {{ qc 
former direions ; and in like manner will If pj,;, 
the: North-Eaſt or Welt be, and Iikewile F - 
helped; J Thre 
rI127 eli. Uſe V. ; zont: 

To find the Requiſites, and H our-Arks, & how 

+. " from the Perpendiculer of a Declining | that 
| Inchning Plain, withits Aﬀeitions. | _ 
| F:347 Fr : IJ WnRIC 
, ::1:Set the Point at x2 to the Declination,and | ,, 1p 
, move:the Plain by. help: of the Arch, or | you v 
' Circleof Braſs, tothe Inclination, and with |, , 


© Then for the Subſtile, Apply -che Qua- 


. rant to thePlain, ©.and alſo Perpendiculer | 
TY 


27 | 


J to the Axis, as the edge of the Quadrant 


being chick, will neatly. ſhew ; then the 


I Thred will ſhew on the degrees on the Plain, 
J che diſtance of che Subſtile from che;Per- 


J pcndiculer, or the complement thereof from 


J-che Horizon 3 which Point note with a ſpor 
I of Ink; for, when the ſhadow of the Thred 
J falls on-that ſpot, on the Horizontal Dial, 
J it ſheweth the Inclination of Meridians:; 
A that is to ſay, on what hour and minut, the 
4 Cock of the Dial ſhould ſand right over. 


eAlſo, The Quadrant, applied to the 


: Plain and .Thred, onthe Subſtile.Line, 


ſheweth the true Stiles Elevation abave the 
Plain, 


And laſtly, making the ſhadow of the 


, Thred .'co-fall, on every Hour on the Hori. 
q zoncal-Dial, it ſhall ac the ſame time ſhew 
4 how many degrees and minuts on the Plain, 


that Hour-line ought to: be from the Per- 


q pendiculer, or from the Horizon 3 and alſo 
{ which way, either to the Right or Lefc,Eaſt 
{ or Weſt 3/-or from che Subftile, or 125 if 


you will crouble your ſelf ro count'it, from 
the place found out for-the Subſtile, or x2, 
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'- Example of a Plain Declining 30S,E, 

{1 and Inclimng 20, | rs 
'TheSubftile, by applying the Square, you]? 
ſhall find to be 3o degrees on the left-hand! 
of the Perpendiculer Weſtward, and the! 
-Inclination of Meridians 48-20, the Stilcs! 
height 51-36, | and the Meridian on the! 
right-hand of the Perpendiculer-line x 1-30# 
| Faſtward ; and the thadow of the Thred| 
playing on every hour and quarter, on the} 
Horizontal-Dial, will ſhew on the Plain the} ;hove 
. quantity in degrees from the Perpendiculer-! 


Line, 3 | 
Uſe VI, , 
To find the Requiſites in a North-eaſt Re-7 


dines 


Weſt 


H- To 

clining-Dial, and the Hour. Lines. | 

Set the Inſtrument as before, and find thef | 
Suk ſtile, Stile, and Inclination of Meridi-y| Fj 


ansas betore ; Bur note,asto the Aﬀgctions,f] Inclir 
; Which way do thus , { prope 
Turn-the Inſtrument the bottom upward;f grecs, 
and as near as you can gueſs, turn the Plain] Latic 
. . X a 
ro 1ts ſcituation 3 then you ſhall firſt ſee theJ make 
Stile to look upward in the North-eaſt Re-{ Horiz 
cliner, which before was downward in tho ing at 
South-caſt Incliner, ding 
f 
A If 0g 
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By Ee” io | 


wot ( for obſerve this alwayes,' If a Plain de- 


Stiles | Veſtward, and the contrary). 


n the! '  Mlſetote,: | 


[I-30 That the Meridian-Line -is-to be drawn: 


hred[Jquice through the Ceriter onthe other-fide ; 
n chel becauſe, when the Sun 4is-1n the Meridian 


in the}: above, it muſt needs caſt theſhadow of the 


culer-? Axis,or Stile, the conttary. way downwards. 


CE 
0 Reef]. To find what are\the meſt Honrs, that 
Ss. = the Sun can ſhine on any Plain, what- 


d heli 19s 


ridi-}| Firſt, on all South Dire&, or Declining 
_ Inclining-Dials, the mid-day-Meridian is 
{ proper to. it, unleſs it incline above 75 de- 
vard,}] erces, and then ir becomes uſeleſs in Lovdon 
Plainf] Laticude 3 then what hour ſoever you can 
e the make the Sun to ſhine on the Plain, and 
| Re-( Horizontal-Dial both together, (rhe Sun be. 
A tho ing at that hour above the Horizon) by ben- 
ding or turning the Inſtrument any way, 
Alſo, O3 (whea 


- 
's 


The Subſtile ſtands on the right-hand | 


pan 5 IE; 


IJ vo led 
—— — 
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< 2—=—etonnng - 
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( when the Point at x2 1s firſt ſet to the De- 
clination) that, and all thoſe Hours are pro- 


ocher, - 
ts Fl; 'Alſo note, 

That ſeveral. Hours' that ſerve for the 
South-plain, do ar ſome time of. the year, 
belong tothe Northiplainalſo; as by turn- 
ing the Inſtrument, about, you- may plainly 
ſee,” either by: the Sun-Ahine, or. by the 
Thred,. and your,;Eye>cutting' the Hour- 
Linesand the Plajp. +... 1 


Alſo'obſerve, 


clining Plain, you; may bring the Plain 
roward the Thre, ti] ir becomes a'Polar- 
Plain.* © "Us II: %" 3 


concelye it to becomg a North Reclining- 
Dial,” and work” as. is before direted, and 
you ſhall obtain'your deſire ; for the Dials 
will be the ſame, the '6ne as the other, as 


Plains, 


Uſe VIII, 


per to'that Plairr, :ar one time of the year or 


That if you would delineate a South Re- | 


A clinin 


But if it Reclines below the Pole, then © the S 
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if the 
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before” was hinted” at, in the Inclining- þ m_- 
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rizon 
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q cliner 
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pro £3461 Uſe VIIT. , 
IT Or The Declination of any Plain given, to find 


Dial, \and the contrary. 


the Set the North-point to the Declination, 
I and bring the Plain to touch the Thred'; 
nly J then on.the Braſs Circle is cut the Reclina- 


tion required, a 
: ...; Or contxary ; 


| curning the Harizontal-Dial, , and the Poinc 
| at x2 ſhall ſhew the Declination required, 
{ to make it Polar. | ry, 
lar- } In like manner you may diſcover a de- | 
A dining EquinoRial, but not ſo cafily, when 
hen {| the Subſtile and Meridian are 9o degrees 
T 4 aſſunder 3 the Subſtile being then alwayes 
ind {| in the hour of 6, as by moving the Plain, 
ials 8] if the Declination be given; or by moving 
as {| the Thied, if the Inclination be given? Gill 
] che Square, - touching the [Thred, it ſha] 
ſhadow or bourn, juſt upon 6 on the Hoe 
4 rizontal-Dial. 
TL | *.. 42 Notealſo, 
That Eaſt and Welt Recliners, and In- 
cliners, are diſcovered after che ſame man= 


O 4 nd z 


what Reclination will maks it a Polar-. 


Set the Plain; to the. Reclination' given, | 
and chen bring the Thred' 6 the Plain, by 


"OY - wa —_ 


PEO Date ok 50 ate. cos a "We 
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ner ; So alſo Dire&t Recliners, and Incli- 
ners, as by moving the Plain to and fro, 
you ſhall ſee the plain and true reaſon, how 
the Stile is Elevated or Deprefſed, and 
how the Hour-lines are inlarged or con- 
tracted, according to the Elevation of the 
Stile. | 

v9 Alſo, 

In Eaſt and Weſt-Dials, that the Stile 
hath no Elevation, but is parallel to the 
Plain ; and how the Meridian lieth jn the 
Horizon, in Eaſt and Weſt Recliners, and 
Incliners. 3 4; 

Many more Uſes might be infiſted on, 
which i fhall leave to the ſcruteny of the 
induſtrious Practitioner, in the Art of 
Shadows, 


M44683067080048460 


CHAP. 


by A 
CI 
SH 
+ 
£5 
435 
& 
» 
E 
be 
| 
b; 
E 

S 
2 
% 
* 
þ--4 
s 

at 

£ 


64 


- Eng tos 
a FLIP ers 


lis 
0, 
DW 
1d 
Ne 
he 


ODY 9e Patt ig 7 4 I NZER 
45 : Fat 


[ 217 ] 


[a 64644/242425448 


{4 
£3 


CHAP, IX 


| How to remedy ſeveral Inconye- 
miencies in the uſing of the 
Artificial Lines of Numbers, 
Sines and Tangents, as they 
are uſually made. 


FOE ENTS 


FF 

By 

9 

Z 
| 
£ 
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%* 
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& 

& 
ut 


T1 FT the term-required happen to be un- 


der one degree of Sines and Tangents, 


: then the Line of Numbers will ſupply it, 


© having due reſpect to the increaſe of the 
| Radius, or Caraeriſtick, 
As thus; 


the greateſt Declination ; 


] Sois the fineof x deg, xc/, the Suns di- 


ſtance from the EquinoQtial, to 0-28, 
the Declination which falls beyond 
_ the end of the Rule, 


| Now to remedy this, the x deg, & 10d, 


As the fine of 90, to the fine of 23-315 | 


218. | 
is 70 minuts; therefore by the Numbers 
ſay, So is 70 minuts, the Suns diſtance from 


the Equinodtial, to 28 the Suns Declination | 
{ bers d 
I to I-1 
of 15 


on the Line of Numbers, obſerving to ex 
cend the ſame way, as from he firſt co the 
ſecond term. 


2. When you have occaſion'to uſe a fine | 


above 90 degrees, then you mult count the 


for x10 ; and'60, for 120. +,” .. 


So alſo, che diſtance from 90.rq 60 in the | 


Sites, is the Secant of zo degrets; .and the 


diſtance from 90 to'5o, is the Secant of 40; 


or the Point beyond 90, that, repreſents the 
Secant of 40, Eo, 
3. If the Extent be too Iarge for your 


Compaſles, as from 45 or 90; to' 3'or 4.de- © | 
grees; then inſtead of 90 or 45;; make uſe J 


ofa Point in the Smes or Tangents: right a- 
gainlt the middle x in the Line of Numbers, 
where you may have two Braſs Center-pins, 
21%. 1n the Tangent of 5-43, and theſine 
of 5-45 ; and the extent from thence back- 
ward or forward, ſhall reach inthe Num- 
bers, to the 4th proportional Numbcr- re. 
quired, 
; Example, 

As Tang..45, to 1-6x in the Numbers ; 

$9415 Tang. of 15-0, to 0-43 inthe Num- 
2: bers, In+ 


Infl 
Tang, 
ſo 1s tl 


Sec 


mY Jooly, 
fine of $0, for the fine of To00;* * and >o, ! 


obſery 


bers 
rom 
tion 
EX 
the 


20, 


219 J' 


Inſtead of which, you may ſep, As the * 


Tang, of 5-43, to I-6x on the Numbers; 


I ſo is the Tang. of x5, to 0-43 entheNams- : 
J bers diminiſhing a Raduus ;. for arTang,45 
J to 1-15, a greater than that ;,ſpasthe Tang, 
J of x5, to a greater than x5 alſo, 212, 0-43. 
fine | 
the | 


Secondly, in Sines & Tangents, or Sines 
only, where there'is another Caution to be 


I obſerved, As fine 90, to fine 10; ſo isfine 


J 20, to fine of 3-24.?. 


the 
the 


To work this with ſmall Compaſſes on a 
large Line, dothus ; Note, that at xo on the 


1 Line of Numbers, or Sine of 90, or Tang. 
| of 45, is one compleat Radius z bur at the 


middle x, on the Line of Numbers, is a 
place, or Radius, - leſs; wherein; the Loga- 


} richm Sines, the -Charateriſtick is 8, A- 
3 gain, at the fine of 0-34. 3, the CharaReri- 


ſick is 7, (andat 3 minuts itis 6,) which 


4] do note the ſeveral decreaſings of the Ra- 
1 diufſes ; Therefore ſet the diſtance fromgpne 


Number given, 'to the next neareſt place a- 
gainſt x, or next Radius, as far from a 
greater or a leſs Radius, as your occaſion 
ſerves, and note the place, 
As thus for Example, 
In this Operation, the extent from the 


Point at 5-45 on the Sines, to the fine of | 
10 degrecs, I ſet the ſame way from the 


Point 


Py 
Point at 0-34 £3 and note the place, which 
will be at.near x degree; then'the work is 
thus; As the place againſt the middle x, 
inſtead of go, is to the place laſt found for 
IO ; fois the'ifine of 20, to fine of 3 deg, 
24/4, the qthterm required. 

Bur in thoſe Lines of Numbers, Sines, 
and Tangents, where the Number is double, 
this is performed by working a-croſs only, 

4. When the laſt termin Tangents hap- 
pens to be above 45, then the remedy is 
two Wayes, 

As thus 


As fine of 30, to fine of go z 
So 1s the Tang, of 3o, to Tang. 49-07, 
which here happens beyond 45. 


Apply the end of the Rule, next 90, 
cloſe and even with any thing on which the 
Point of the Compaſſes may ſtay, till you 
take from thence to 45, for that diſtance 
laid from 45, ſhall reach co 49-07, reading 
the Tangents as numbred beyond 45. 


Or moreneatly thus; 

The Compaſſes being ſet from the ſine of 
30, to the ſine of 90; ſerone Point in the 
Tangent of 45, and turn the other on the 
Tangents, and keep it there fixed 3 then re- 
move 
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moye the other from 45, and cloſe it to the 
cbird term, being here the Tangent of 3o ; 
then this laſt Excent laid from 45, ſhall 
reach to 49-07, the Tangent required, 

5- When the firſt term is a Tangent a- 
boye 45, and the ſecond under 45. 

Take the exceſs of the firſt Number a- 
bove 45, and ſet it the ſame way from the 
ſecond Number ; then the Extent from the 
ſecond Number to 45, ſhall be the true di- 
ſtance between the firſt and ſecond terms, 


Example, 
As the Tangent of 51-30, to the Tan- 
gent of 30; 
So 1s the Tangent of 40, to Tangent 
21-04, | 
For the Extent from 45, to 51-300 


the Tangents, ſer the. ſame way from 30, 
does reach to about 24-30 3 then the Ex- 


tent from thence to 45, ſhall reach from 


40 to 21-04. on the Tangents, the 4th 


Number required. 


Or, 

If ithad been froma Tangent above 45, 
to a ſine, ' the, ſame way would have re- 
medied the defect, | 

6. Whenthe third term exceeds. 45 of 
Tangengs, thenthus 5 

W Example. 
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Example. 
' Asfinego, to fine 30 ; 
So is the Tang. of 50, to Tang, of 30-48. 


The Compaſſes fet from the firſt term 
ſine 90, to firie of 3o the ſecond, aleſs; then 
fer one: Point- 1n the Tangent of 45, and 
extend the other backwards inthe Tangents, 
and note the place, keeping one Point there 
cloſe, the other 'to 50 the third term ( being 
above 45 by counting backwards) Then, I 
fay, that Extent laid from Tangent 45, ſhall 
reach to Tangent 30-48, the 4th.proportio- 
nal Tangent required, | © | 
.....If the Proportion had* been increafing, 
then there had been no troubleat all, 
eAlſo note, | 
© That working. a-croſs, or changing the 
terms, 18 a'good-remedy alſo, 
fs aAthus © © 
As fine gO, to Tang. 50; whiclis proper- 
ly thcreafing, for the Tang. of 50 being 
more than the fine of go, yet taken on the 
Rule from 90 to 40, the complement there- 
of, as if it were decreaſing -/*- 
So 18 fine 30,16 Tang, 30-48;the' contrary 
, Way: Therefore, =o of 6 he 
*Asfrom the firſt term, properly counting to 
 theſecond. OOPRRNOLE RRISOD ER 
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*. 7, Laſtty,: 'Wheit one or two Radiuſſes 
(or Alterations of the CharaGeeriſtick) falls 
between thefirlt and ſecond term, 


As tha for Example. | 
Furſt, By che Line of Nutabers ouly ; . 


= As 8000 1s to x0, Sois 5000 to6.;, or 25, 


' To work:this properly, and naturally, the 


7 unice on the Numbers ſhould be four times 


repeated, which is ſeldom. more done than 
twice, as here : :' But this, and-auy other, by 
the Line of [Numbers is not. interrupted, ha- 
ving a due Teſpect: to the Number of Places. 


For to work this, the beſt way, is changing 


of terms thus | As: 8000,; to 5000 in the 
ſame Radius; ſo is x0, to 6-25 inthe ſame 


Radius alſo. . Or,, without changing; As 


8000, to the next x ; ſo is 5000 turning 
the Compaſles the ſame way, to 6-25. 
Bur to call it ſo, and nor 625, your rea- 


J fon muſt guide you more than precepts, 


Bur in uſing Sines and Tangents, the 


| way in thethird remedy will fir-you, 


Example. As ſine 90, to x degree (or 


under ); ſo is fine 30 degrees, to fine 30 
-minuts, This being too wide an Extent for 


the Compaſſes, the third Rule is a remedy 
for it 5 which on alarge Radius ſeveral times 
PIES ©  ropegreds 


EE 
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mop oe renin ire _—_—_— 
by ” =" 4 - oy S * a 
> r_ E =. a 5-3 % c——— 
of age #7 1 LORE . ad : 


Was 2. + wag 
repeated, as in Mr. Oughtred's Circles of 
Proportion, is as cafie as may be; being ſure 
to remember the number of Radiuſſes be. 
eween the firſt and ſecond term, that you 
may have ſo -many between the third and 
fourth term alſo. 

- - Much more might have been ſaid as to 
this; but this Obſervation being alwayes 
kept, -Thatas the Extent from the firſt cerm 
to the ſecond, - 1s either increafing or de- 
creaſing ; $0 alwayes muſt the Extent be 
from the third to the fourth, increaſing or 
' decreaſing, in like manner, : when you uſe | 
Sines and Tangents ; . And Nurabers allo, 
Except, as before, in a few particuler Rules; 
then'you will be truly reſfolyed. 


The end of the Book of Dyalling, 


4s any, or all of them, will do in 


0 
| 
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AN 
APPENDIX 
To the Uſe of the 
Trianguler-Nuadzant | 
NAVIGATION. 
Where it performs the Uſes of the | 
Davis-Q ad ant, the (roſs-Staff, 


Bow, Simcal- Quadrant and Sefor, 
with as much eaſe and exactneſs 


Obſervation or Operation, Natu- 
rally or Artificially, 


Being firſt thus Contrived,and made by Fohn 
Brown, dwelling at the fign of the Spbear 


and Sun-Dial in the eMinories, near to 
Aldgate, London, 


C—————— 


London, Priured by Fohn Darby, for John Wing- 
field, and are ro be told at hts houſe in Crutched 
Fryers ; and by Fohn Brown ar the Sphea- and 
Sun Dial in the Minories, and by Fohn Selle: 
at the Hermitage-flairs 1n Wafping: 1671. 
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Wag its OAH 3g 105 Forms £955) 
I He Deſcription of the 1»ſtrumenty is 
= 4&4 largely and plawly fer down jn;the 
q Firſt Parg, and Firſ op Lb Las mod? 
] Bur, in regard that 15,the general, DNeſcrip- 
, I 5309 ot all che Lines that ;can conveniently 
Abcpuron, and thoſe. neceflary: for chis uſe 
{] being far leſs, I ſhall repeat the Deſcryprion 
azain, as far as concerns the uſe thereat for 
Sa-Obſervatians, Y VICAR cH-1}-! * 
E 21s Furſt far Jepgrh, ic ought $a. bg rwo 
4 foo; long ar leaſt, whey ſhut rogether, and 
nor above 3 foor at any time for Sea- uſes 5 
(but: for Land: uſes. it.may be 6, 8, 1c, or 
1 :2 foot in length, ro find Altitudes or d1- 
{ ſtances to Seconds of a degree certainly), 
; P 2 2, The 


oe Banners 


228] | 

2; The Form of it is the ſame, as before; 
235% ny Cenng Joynt vf abour an inch und | 
quarter, -or halt ' quarter broad each Leg, | 
and 6 tenth parts of an inch in thickneſs, | 
with a Looſe-piece of the ſame length, þ 


breadth, andthickneſs, to:make it an Equi- A 
lateral-Triangle. As tbe Figure ſheweth.. -- © nq_ 

\$z The Lines: niteſſary for" Sea-uiſes, are, paſte: 
firſt, the 180 degrees upon the moving-Leg M © T7 
and Looſe. piece,nun\bred as before is ſhew- i gn, ©, 
ed. Alſo,.60 degrees an the- innermoſt- to ad 
edge of the Looſe-pjecer "The Kalendar of Tang 
Months and Dayes, and degrees of the Suns I} qjan- 
Place, and Right Aſcention, on the move- | ,q 
able-Leg. . EE da - I Sines: 

For the ſpeedy and ready finding the Suns pleaſe 


place, and declination, which- you may do | 
to xtninuc at all rimes, 'by help.of the Recti- | 
fying; Table, and Aflxononlical Cautionns of || 
Time and Tongitude. G 
— Alſo," on the' Head-leg, is the general 
Scale of 'Sines and Lines, to the great and | 
lefler Radius, @s 5» the Frgure. And thus| 
much-will ſerve both for Obſetvation' and} 
Operation, as in the following Diſcourſe] 
be fully —_— | 
4-* To: this Inftrument- doth chiefly be- 
long che Sights for the Obſervations ac _ v 
IN OE | whercy. 


J 


| . pt 
Cti- Þ 


is of © 


[d3886834/ 2444268448 


eral 
and 
thus 


where the Horizon is made uſe of in the ta 
king the Sun or Stars Altitude, | 
And to this Inflrument belongs” the-In- 


{ dex and Square, that makes ita moſt com- 


{ pleat Sinical-Quadrant, for the plain and 
calie reſolving of all om Triangles. 


Alſo, a weighty 


ummet and Thred, 


and a pair of large' Wood or Braſs Come 

paſſes tor Operation, | 
1 Thus much for Deſcription, being all pur 
4 on one fideonly, unleſs you ſhall be pleaſed 
; to add the Artificial Numbers, Siries, and 
{ dian-line, and his Scale! on the 1nnernedge ; 
i and Natural Sines, - aud Natural'Verſed= 
{ Sines on the Se&or-fide : Bur thele. 4s: you 


pleaſe, 


and} 
urle | 


- be- 


Sea,! 
here! 
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CHAP. IL. 


The uſe of the Trianguler-Zuadrant. 


in Obſervation. 


p—3aHar' the Diſcourſe may be plain, and | 

| A bref,and general; there are 10 terms | 
to be:named and deſcribed, . before I come } 
tothe Uſes and Examples, which areas fol- | 


loweth,: i: ... -- 


x. Firſt, the Head-leg of the Inſtrument | 
in which the Braſs-Ravit 1s fixed, and about 
which the other Leg turns, as A B, in the} 
Figure ; on which Leg, the general Scale of 


Sings gng Liges are uſyally ſec, 
YE LEA | 


| [1 $* 2] 
e. moveable-Leg,” on which'the} 


Months and Dayes be, as in the F:gure, no- 
ted by BD ; which Leg turns abour the 
Head- Leg, | 

34: The Looſe-picce thar is joyned to the 
Head, and moving-Leg, by two Tennons at 
each end thereof, noted by D A in the Fi, 
gures 


4. The 


ant. 


" 23] 
4+.,The Head-Center, ar, Genter-pin on 
the round-parr A los bein Gene 
ter to the-69,..de &,on, the; 49-lede of ;the 
Loale-picce Which Painc js, Knay(a.by B, 
in the Figure. 2573 =rig 2 ml tor gt 1 

5+. The Leg-Center, being .ncar the end 
of the Head-leg, which, is ty Xa tothe 
degrees on the moving-Leg,7and ogt-{ide of 
the Loole-piece, being, in all: xBo- degrees 3 
and. noted in the Figgre by the Jeter C, 

6. The great Radius, or. greatey-Line of 
Sincs, ſuing from the. Leg-Center toward 
the Head, having the Tangents'an the move- 
able-Leg to the ſame .Rachus 3 and the mea» 
lure: from the Leg-Genter, to the Tangent 
on the moving-Leg,:2 .Secant to. the-lame 
Radius 3.45 CE, inthe Figure. 7; ..\v7 

7+ The little Radius, chat jfſucs fromthe 
Leg-Center toward: the gnd,. Hype: the 
Tangengs, on the cut«ſide of rhe Loole-piece 
to the ſame Radius,. and; che meaſure trom 
the Centerto thoſe Tangents. for Secants, to 
the ſame Radius; asGF.. . { ..... 

$8, The Turning Sight alwayes ta be 
Skrewed to the Head, or, FLeg-Center, known 


by his ſhape and skrew-hole, as 


9. The liding Horizon-fight taflide on 
the moving-Leg and Loofe-piece, noted with 
its biznefs and hole ta logk through, as 


_ x0, The 
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0. The ſhadow Sight, and 2 others, to 
pin the FTnflrumenit rogether, which you may 
call che Objet=Sight 5 alwayes fixed in the 
ewo holes ar rhe'ends of the moving-Leg, 
and the Head-leg ; and the ſhadow-Sighr 
15 to ſet to'and tro: to any place required 
noted in the/Fipure with 
my Rag bt 

Thus you have their Name and Defcrip- 
non atlarge, which' ia brief take thus for 
calie remembring, | 

Tz. The Head-Leg. '2. The Moveable- 
Leg. 3. The Foofe-Piece. 4. The Head- 
Center. '5. The Leg-Center, 6. The great 
Radius. © 7, The tefs Radius, 8, The turn- 
ng. Sight; 9g. The Horion fliding-Sight. 
10. The ſhadow-Sight, and theitwo Ob- 


eſt-Sightrs'; 'the opep+part in one 15 next to, : 
I I Fore-f 
{wer to the upper or lower-hole in the turn- | 
ing-Sight, according as you pleaſe to uſe 7 


andthe other remoter trom the Rule, to an- 


them in Obſervation, 


Jow. 
Uſe F. 


To find the Suns, or a Stars Altitude, by 


A forward Obſervation,as by a Pore-flaſ. 


S$krew ' the turning-Sight to the Head- 
"=o Centers 


"and theother |} 


Cente 


hole a 


q (ding 


Looſe- 
to you 
in you 
towar, 
on the 


I down 
the $ 
4 Horizc 


1 thede 


IJ of the 


Jalcicu 


1 
: up r 
: in 


Thus much fox the Terms, the Vſes fol. 


X es. 


Al} 


ea 
hole, 


OS GIRO aero ogo 


"Twrr 
Center, and pur the objeA-Sight into the 
hole at the end of the Head-leg, and put the 


I liding Horizon-fight on the inefide ef, the 


Looſe-piece ; Then ſetting the turning-fight 
to your eye, and holding the Looſe-piece 
in your right-hand, and the moveable-Leg 


| toward your body, then with your Thumb 
on the right-hand, thruſt upwards, or pull 


downwards the Horizon-ſight, till you ſee 
the Sun chrough the ObjeR-ſight, and the 
Horizon through the Horizon- _= 3 then 
the degrees cut by the Line on the middle 
of the Helens; ſhall ſhew tchecrue 
Altitude required. | 


Alſo obſerve, That if you like to uſe the 


upper or lower-edge of the Horizon-ſighe, 


J inſtead of the ſmall bar. a-croſs the open- 


EI VER 


IJ hole, after the manner of che ends of a 
I Fore-ſtaff, char then the degrees and minuts 
J cutby the edge of che Braſs, is the Alci- 
J rude required, to be counted as it is figured 
1 from the ObjeR-fight, toward the Horizon. 
{ fight ; the degrees berween them being the 
1 Angle required. 


Note alſe, That if the Alticude of the 
Sun, or Star, be aboye 30 degrees, you will 
find it a hard macter, to behold the Horzon 


{ and Sun with a bare roling the ball of the 


eye only, and 4 Cirring of the head, will 
FO ©. = caftly 


leſs the Inſtrument ſhall be fixed to a- Ball. 


ſocket.and Three-legged-ſtaff, which is not! 


Uſual at Sea. 


. ., Therefore co.remedy this, you may ob-! 
ſerve with the open oval-hole in the turning. 
Fght ſer to the eye, or taking the turning-, 
fight quite away, ; Obſerve juſt as you, do! 
awith a Fore-ſtafle, ſerting the round part of} 
he bead, to the hollow. parc beſide your eye, |! 
ſo as the Head-Center-pin may be as near} 
be very fight-of your eye as-poſſibly as you! 
can 3 which Center is the Center to the de-} 
gfees now uſed; 40 a forward-way of Obſer-! 
yatian.- - Or; rather uſe'this-way when the | 
Weather will (uffer, by a Fhred and Plum-} 


amet, which I ſhall add as a ſecond ſe. 
1A-oels 2; le Bt, A 


< 


Thred and Plummet, 


- | ;Skrew che turning-fight tg'the Head-Cen- 
ter, a5--before,,:, and pur the two Objec- 
Ggbts into the two holes at the two ends of 
the Rule; and on the Leg-Cemter-pin hang 
the Thred with a weighty Plummer of wo 
indy | pound, 
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eaſily cauſe a'ſtirring of the hand, -which 
will ſpoil the exatneſs of Obſervation, un. 


knov 
till a0 
have 


J of, 
J orot 
wand * I obſer 
.;'To obſerne the Sun or a Stars Altitude, 

.:'. "by @ forward Obſervation; uſing the | 


playe 
right 
the ] 


| able- 


requ: 
bem 
warc 


bled: 


at on 


which 


Ball. 


is not] 
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und, .or..above..a pound at leaſt. - * 
- Then hold up-the T7:anguler- Quadrant, 
ſetting the ſmall-hole on the turning-lighr 
cloſe-to your eye; and if the Sun,or Stargbe 


J under 25 degrees high, then look to the 


y ob] 


ning. ; 
ning- 
uu do! 
art of! 
F eyc, ; 
near | 
S you} 
e de-| 
bſcre} 
n the} 
lum-! 


Sun or Saathrough rhe turning-fight, and 
that object-fight, which Rands in the endrof 
the moveable-Leg,: letting the Thred and 
Plummet play berween your Thumb and 
Fore-finger, as a Brick-layers Plummer in 
his Plum-Rule doth jn a bendid hole, that 
you may keepitin order whilſt you look art 
the Sun or Star, and. the weighty Plummer 
will pull che Thred ftreighc,, and ler you 
know. by feeling which way it is playing, 
till it playeth evenly and truly, whilſt you 
have the QbjeR precaſely in themidſ there. 


J of, whether it be Sun, Moon, or any Star, 


| or other Obje&, whoſe Altitude you would 


ade, | 
the . 


ANE 
jot- 
ds of 
Rang 
two 
and, 


I” 


c obſerve ; Then, I lay, when the Plummer 


playes well, and you bchold- the' Obje&t 
right, bend back the Quadravt, and ſee what 
the Thred cuts on the degrees on the move- 
able-Leg, 'which ſhall be the true Alcitude 
required 5 And inmy go" muſt nceds 
be more exa&than any other way of a for. 
ward Obſeryation, becauſe you are not trou. 
bled:to mind che Horizon and Sun both at 
at onte, . | : < 
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An Objeftion may be,” The baſterow 


Winds, «nd the ranling of the Ship, will bin- | 


der ſuch an Obſervation. 


Anſw. So it will any other way, though | 


happily nor ſo much. 


Again, I anſwer, One Obje& is better and } 
more certainly ſeen, than- two at any time |} 
together; and though. the ' Wind blow | 
hard, if you can ſtand to obſerve at all,the ! 
heavy Phammet will be fare to draw the | 
Thred Perpendiculer; and for ought I | 
know, you may come: as near this way as | 
any other ; however this, at moſt times, may if * 
confirm and prove the other, and may be | 
uſeful in Rivers, and Harbours, and miſty- } 
Dayes, when you may ſee the Sun well c- |} 


nough, but not: the Horizon at all, 


Uſe II. 


To find the Suns Altitude by « backward | | 
Obſervation, 44 With # Back-ſlaff,, or 


Davis- Quadrant. 


Skrew the turning-fight to the Leg-Cen. 
ter ( or Center to the degrees on the move- 
able-Leg) 3 and ſex the objet-fight to the 
Jong ſtroke by 00-60 on the out-fide of the 
Looſe-piece, and put the ſliding Horizon- 
fight on the out-fidt 


e of the moycable-Leg ; 
then 


{ 237 } PS 
then hold the Objec-fight upwards,and the 


J fmall-hole' in'the ' piece curming on the edge 
1 (or'co the ſmall-hole in the middle) of the 
{ Horizon-fight ( which you pleaſe) cloſe ro 


your eyez -and looking rhrough that hole 
and the middle-hole of the turning-ſight, 
to the true Horizon, turning/your ſelf abour, 


J and lifring up, or pteſſing down the Hori. 


zon-fight, cloſe to che: moveable-Leg, - till 
the ſhadow -of the upper-edge - of the ſha» 


J dow-ſight, being next to the Sun, fall arthe 
J lame time juſt on the middle of the turn- 
ing-Hight » Then, I 'fay, the edge or middle 


the Horizon-fight, that you looked 
through, ſhall cut the true Alticude of the 
Sun required. + 
- Being the'ſame way as you do obſerve 


| with a Davic- Quadrant, or Back-flaff. 


= Uſe IV. 
To find the Suns Diftance from the Zenith, 
by the Triangsley- Quadrant, 


: . Skrew the turning-ſight to the Leg-Cen- 
ter, and pur the Object. fight, whoſe oval- 


I hole is remoteſt from the Quadrazt, in the 


hole in the end of the Head or rather 


' ina hole on the general Scale, between the 


turning-fight, and the Sun 3 _— put the 
Orizon= 
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Horizon-fight . the. out-fide of the thoves | 
able-Leg ; then hold. the turning-fighr to. | 
ward che Sun, and the fmall-hole in the 
edge of the Horizon-fight to your eye ; then | 


Jook throvgh that hole and theturning-ſight, I - 


call 


Davi- Quadrant doth.}...z+) - 


- 


Note, That this way yo 


adding of a, 60 Arch, as in, Davis Qua- 


drant, or to 45 will be enough, it will do | 


as well as any Davis Quadrant, being then 
the ſame thing, Th 


Burt I-:conceive, the complement of che 
Altitude being the ſame, will do as well ; 


which Altitude 1s better found by this. In- : 


ſtrumeart, than the diſtance from the Zenith 
E | by 


you ſce the ſhadow, the Objet-fight, to I - 
fall juſt on- the curning-fight, or the ſha- | 
dow of the turning-fight to fall juſt on the | 
obje-fight, which 4s all one, though. the | 
firſt be more caſte, becauſe;you ſhall ſee the | 
Horizon through the turning-fight,and that, | 
both at once; Then, Ifay,, the degrees-cut 
by the: lorzzon-fight, ſhall be che Suns di- | 
Nance from the Zenith required ; Being the } 
very ſavie work, and dove in the ſame may. | 
ner, and producing the ſame Anſwer, viz | 


the Sins diſtance from the: Zenith, that the | 
u may obſerve 
very conveniently, till ;che Sun be 20 de- | 


grees diſtunce from the Zenith 3 and by the | 


2 
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ves | by a Davis Ovadrant is, asfiri the next Uſe" 


F £0 


1 the 


will be ſeen.''+ 
{ 015977 Us V; 


then f © To find the Suns Altitude when near the 
git, ]- Zenith, or above 90 degrees above ſome 
/ 1 partof the Horizon, © 64 
1nha- ! 

\the }. In ſmall Laticudes, or in places near the 
the J EquinoRial, or under it 5 'rhe Sun will be 
the | found to bein, or near the Zenith: and if 
hat, J you count from ſome part of the Horizon; 
-cut { above 90 degrees diſtant from it 5 then 1s 


; dis 


the 


lll 
VIRKs 


the | 


erve 


de- } 
the | 


| do 
hen 
che 
I; 


Ith- * 


1th 
by 


ſtead of ſetting the fliding Objet-fight, ro 
the long. Aroke -at 00 on the ws 
you muſt ſet is 30 degrees mere towards the 
Head-legz then obſerve, as you did before, 
and whatſoever the Horizon-fight cuts, you 
muſt add: 30 degrees more to it, and the 
ſum ſhall be the true Alritude requued, 
| Example. : 
Suppoſe that in the Latichde of to deg; 
North, on the torch of Jwuve; when the 
Suns Declinatjon 1s 23 degrees' and 3x min. 
Northward:; Suppoſe thar at noon, f oblerve 


the Suns Meridian Altitude, skrewing the 


'Turning-fight to the Leg-Center,and ſetting 


| the ObjeR-fight to the 30 degrees on the 


Looſe-piece, near the-end of the Head-leg, 
and che Horizon-fight on the movyable-L n 5 
then 
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240 } | 
then hold up the *..2.4 with the (haZ 
dow-fight roward the Sun, and the ſmall- | 
hole in the Horizon-ſight coward your eye, | 
and look to the Horizon through. that, and 
the turning-ſight, the ſhadow of the right. 
edge of the ſhadow-ſight, that cuts the de | 
gree of 30, at the ſame time falling on the 
middle of the curning-fight,' you ſhall find } 
the Horizon-light to. cur on; 46-29 minurs ; | 
ro which if you add 30, the degrees, the | 
ſhadow-ſight is ſet forwards, -it makes up | 
576-29, the $yns true Alcitude on that day | 
in that Laticads 3 76-29 the Meridian Al- | 
ticude, and 23-31 the Declination, added | 
together, make 100 deg. ©0 z: from which | 
taking go, there remains x9,! the Latitude 
of the place, _ 4395 | 

I, 1n this Obſervation, forft you may note | 
this, That if you had ſtood with your back | 
toward the South, you would have had 103 


degrees and 31 minus, for the {liding Ho- | ng 


rgon-{ight would have ſtayed: ac 7 3 degrees | 
30; , to which if you add- 30, ir makes | 
,103-33;3 Which a Davis Quadrant will - 
not do. | | 
_ 2, Inthe holding it, you; tway lean clic 
head of the Rule co your bteaſt, and com- 
mand ir the better; as to ſteady holding, 
' 3- You 


TOR On ee Fe FR ESE 
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3. You may turn che Turning-ſight a. 
bour, to any convenient Angle, to make ic 
fic to look through ro the Horizon, and al- 
ſo to receive the ſhadow of the thadow. 
fiohr, | 
If the brightneſs of the Sun ofend the 
eyes, you may eabily apply a red or a blue 
Glaſs, to darken the Sun beams, and the 
Sights may be painted white, to make a ſha- 
dow be {cen betcer, 


Uſe VI. 
To find the Latunde at Sea, by a forward 
Meridian Obſervation of the Alutude, 
according to My Guntcr's Bow, 


Skrew the Turning-ſ1ght to the Leg-Cen- 
ter, and ſer the ſhadow-{ight to the Suns- 
Declination, and the Horizon-fhgic to the 
moving Leg (or Looſe-picce), and the Tuin= 
ing-fight co your eye; then ler the ſhadow= 
fight cur the Horizon, and che Horizon- fizht 
the Sun, moving it higher or lower till ic 
firs z then whatſocver the fight ſheweth, 
adding 30 degrees to It, isthe Laritude of 
that place required, 

Example. 

Suppoſ: on the xoch of March, when 
the Declination 1s o.2ly'x0/ co the North- 
; ward, 


242 | 


ward, as in the firſt after Leap-year it is 5 : 
then ſet rhe edge, or ſtroke on the middle of * 


the ſhadow-ſight to 1&/ of Declination to= 
ward the Head, and che Horizon-fght, on 
the ſame Leg toward the end, and flide on- 
Iy che Horizon-fight till it curs the Sun, and 
che other the Horizon ; then ſuppoſe t ſhall 
ſtay at 21-30: then it you count the de» 
grces berween the two Sights, 1t will a- 
mount to the Suns Meridian Alcitude z but 


L 1 


PE 


1t you add 30 degrees to what the Sight cuts, | 
ic ſhall give the Laticude of the place where | 


the Obſervation was made for 2x and 30, 
to which if you add 30, it makes 5 1-30, 
the Latitude of London, the place where che 
Obſervation was made. 

Note here, That in ſmall Latitudes the 


Sun will be very high, 1n Summer time elpe- 


cially, and then the {liding-fighr, muſt be 


ſer on the looſe peice. 
As thus for Example. 


the Declination is 20-7 in the Latitude of | 
30 Degrees, I obſerve at a Meridian Alci- | 
tude, I ſhall find che {liding-fight to ſay at | 
OO, on the looſe peice; then ir 1s apparent | 


that 30 added too, makes bur 3o degrees 
tor the Latitude required, . 

Bur if the liding-Gght ſhall happen r: 
paſs 
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pals beyond 90 on the looſe peice, then what” 

ſoever 1t is you muſt take 1t out of 30, and 

the remainder 1s the Latitude required, 
Example. 

Suppole on the x 1th of June 1670 you 
were 1n the Latitude of 10 degres to the 
Northward, and ſtanding wich your back 
to the North, as you muſt nceds do in all 
forward Odvſervations in more Northern 
Laticudes, you ſhall find che fight to pals 
juit 20 deg. beyond oo on the Looſe peice 
theretore 20 taken from 3O the rcfidue 18 10, 
the Latticude required. 

Again, 

Suppoſe that 1n the ſame place you had 
obſereved on the 1xth of December, when 
the Sun 15 moſt Sourhwards, it you ſet che 
one fight to 23-31 Southwards againſt the 
11th of December ; then it you obſerve for- 
wards with your face toward the South, as 


J before, you ſhall find che moving-Sight ro 


ſtay at 20 degrees beyond co on the Looſe- 
piece; then, I ſay, 20 taken from 30, reſts 
10, the Laticude required, becauſe the ſight 
paſſed beyond 30 on the Looſe-piece, 
Laſily, it rhe Moving-light ſhall happen 
to pals above 3o degrees beyond co on che 
Louſc-piece, when the other Sight 1s fer to 
the Saas Declination, and you obſerve with 
Q 2 your 
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your face toward cheSouth (part of the Me- 
ridian) ; then, I ſay, the Latitude 1s South- 
wards as many degrees as the Moving-{tght 
ftands beyond 3o, on the Looſe-picee ro- 
ward the Head-leg, 

So that the general Rule is alwayes, in 
North Latitudes (obſerving che Suns Meri- 
dian Altitude, to find the Latitude, by a for- 
ward Obſervation, according to Mr,Guzyters 
Bow ), yorr face muſt be toward the South ; 
Alchough that thereby in ſome Latitudes, 
the Alritude may ſecm to be (as indeed it 3$ | 
above the South-part of the Horizon) above * 
90 degrees. ; 
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Then, F 

If the {liding-(ight ſtay any where on the 
Moving-leg, or Looſe-piece, ſhort of co, 
add it alwayes to 3©, and the ſum ſhall be 
the true Latitnde North ; it it paſs beyond 
co, then fo much as it dothytake out of 30, 
and the remainder is the Latitude North; !? 
bur 5f ir ſhall tay juſt at 30 on the Looſc- | 
piece, then the Laticude js 00 ;, bur if it pals | 
beyond 30, then fo much as it is, the Lati- | 
tude 1s Sourhward. 

The ſame Rule ſerves, if you were 1n 
South Laticude, then you muſt in forward 
Obſervacions, to find the Laticude,as with a 
Guners Boy, ſtand with your face to the 


North, | 
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2 
North, and in ow. 4 S:eed-Gote to the 
Declination, you muſt count Souch Decli. 
nation toward the Head 3 becauſe thoſe thac 
have Sourhern-Laticude, have their longeſt 
dayes , when thoſe thar live in Northern. 
Latitude have their ſhorteſt dayes, 

The ſame Rule ſerves for the Stars alſo, 
for being in North-Laticades; and obſcrving 
a Laticude forwards, have your face al- 
wayes toward the South, and ſect one Sight 
to the Declination, counting the Stars Nor. 
thern or Southern Declination, the ſame 
way as the Suns,(and the contrary in South= 
Lacitude) ; then holding your eye cloſe to 
the great-hole of the Turning-fighr, ſlide 
the Moving-fight till ics middle-bar or edge 
(as is moſt convenient ) cuts the Scar, and 
the other the Horizon ; then whatſoever the 
edge of the Moving-light curs ſhorc of o, 
added to 3o, or beyond oo, taken out of 
30, ſhall be che Latitude required, 

Example, 

Suppoke the middle- Star of Orions-Girdlr, 
whoſe Declination is x-28 South, being in 
the Meridian, I ſer one Sight ro 1-28 ot 
South-declinarion z and {Lipping the other- 
fghe till it cuts the Star, the tixed-fighe be- 
ing ſer tothe Horizon, you ſhall tind it flay 
jn che Latitade of 5 1-30, ar 21-30 onthe 
| Q 3 Mo-oving= 
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Moving-leg, which added to 30, makes 
51-30. 

Note, That if the corner of the Inſtru- 
menc be inconvenient for the fight to ſlide 
on, as for about 5 degrees it will, then you 
may remedy it by ſlipping the Sight ſer to 
the Declination 10 degrees more, any way 
that 15 convenient, increafing or decreaſing z 
Bat then note, That inſtead of adding even 
30, to what the Moving-ſight itayech at, 
you muſt add 10 degrees more, wiz. 40, 
when you ſlip it towards the end of the 
Moving-leg 3 or 10 deerces leſs, viz. 20 
degrees, when you ſlip it xo degrees more 
toward the Head, as 1s cafie to conceive of. 


Uſe VII. 


To fird the Latitude at Sea, by a backward 
IHMeridian Obſervation, according to 
the way of Mr. Gunter's Bow. 


Screw the Turning-ſight to the Leg-Cen- 
ter, and fer the ſliding-Horizon-ſight to the 
Suns Declinarion ( the middle or edge of ir, 
as you can beſt like of ) and the Shadow- 
f1ght on the Looſe-piece, or Moving-leg, 
with your tace alwayes to the North, in 
Norch Laticudes ; or ſuppoſing your felt to 
be ſo, thouzh ut may be you are not, 

| Then, 
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Then looking through the hole in the Ho- 
rizon-light ( ſtanding at the Declination ) 
and the Turning-ſight to the Horizon, with 
your hand gently {lide the ſhadow-fight will 
che ſhadow fall juſt on the middle of rhe 
Turning-fight, as you do in obſerving the 
Altitude with a Daves Quadrant; then, I 
ſay, whatſoever the ſhadow-fight ſhall tay 
at under 0, add to 303 or over o, take out 
of 30, and the ſum or remainder, ſhall be 
the Latitude Norch : but if it happen to 
ſay ar juſt 30, the Latitude is co; if be- 
yond, it 1s ſo much to the Southwards : 
This 1s only the converſe of the former, and 
needs no Example, but a few words to de- 
monſtrate it 3 which may be thus, 


In the way of af Example, 

Suppole that on the x1th of December, in 
iayling toward the Eaſt-[ndies, about the 
Iſle of St. Matthews, \{uppoling our Ship 
to be in North-Lacicude, I ſer the Horizon- 
fight to 23-31, South Declination ; and the 
Shadow-fighr on the Looſe-picce, chen {tan- 
ding wich my face to the North, as another 


then would do, as at other times, and lcox-, 


ing through the Horizon, ad Turning-ſigut 
ro the North-part of the Horizon, I find 
che ſhadow-ſight when it playes well cover 

the 
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the Turning-fighr, to ſtay at 33 degrees on 
the Looſe- piece. 
Then, 
Confider that the diſtance between the 
wo Sigh ts, 1s the Altitude of the Sun a- 


cauſe 

ar 60 

Or 00s 
Noi 


fzhe te 


bove the South-part of the Horizon ; which Frudes 
if you do count on the Trianguler-Qua- . fLoole- 


drant, you will find to be 36-29, and 33, 
which put together, make 69-29, tor the 
Suns Mcridian Alcitude 3 to which it you 
add 23-3 1,his declination, it makes 93-00 
the diſtance cf the North-Pole and Zenith, 
or 3 degrees of South Latitude 5 for had 
you been juſt under the Equinoctial, the 
Alcitude would be 66-30; or had you 
been more Northward, it would have been 
leſs; theretore by ,confidering, you may 
ſoon ſee the reaſon of the O peration, 
Alſe 

Tf the Shadow-ſight be too near the cor- 
ner, or too far from the Turning-ſ1ght to 
Caſt a clear ſhadow ; then, ſer the Horizon- 
fight that ſtands at the Declination 10, 20, 
or 30 degrees more toward the end of the 
Moving-leg, and you ſhall ce the inconve- 
mience removed z but then you muſt take 
IO, 20, or 30 degrees leſs than the ſhadow= 
Geht ſhewech, for the reaſon aboveſaid. 

The reaſon why even 30 1s added, is be- 
cauſe 


4 
Z 
Y 


a 


like th 
fghe fi 
back-( 
hew 
0UIrec 
Th 
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cauſe that o degrees of Declination, ſtands 
at 60 on the Moving-leg, inſtead of go, 
or 00. 

the Note, If you had rather move the lower- 
1 a= Fzhc chan the upper, then count like Lati- 
uch Ftudes and Declinations from oo on the 
44 . YLoole-piece toward the Head-leg, and un- 
33> Alike the contrary, and then ſer the ſhadow- 
the Fight fixed there 3 then obſerving, as in a 
"ou Fback-Obſervation, the Horiz>n-ftghrt ſhall 
OO Flhew the complement of the Latirude re- 
th, Jouired, without any adding of 30. 

ad F Thus you ſee, That the Triavguler- Qua- 


the FYirant, containing x80 degrees in a Triangle, 


5 ON 


ow {Fhirings the ſhadow-ſight near the Cencer, 


en Fand with one manner of figuring, gives the 
ay. JSuns Alticude above the Horizon, backwards 
Jor forwards, and his diſtance form the Ze- 
Jnicth, and the Latitude of the place South 
r- for North, or North or South, backwards 


to For forwards, by the Sun or Stars, by one (ide 
1- Joly, as conveniently and with fewer Cau- 
>, FJrions, and as exactly, if well uſed, as any 0- 
18 {ther Inſtrumenc whacſoever 3 So that by this 
- Frime you ſee it 1s a Fore-ſtaff, Quadrant, 
e FJand Bow. The other #ſes follow, 
Uſe VIII. 
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Uſe VIII. 
To find the Latitude by a Meridian Obſer- 
vation, by the Thred and Plummet, by 
the Sun or Stars. 


This way of Obſerving without a Hori- | 
zon, muſt be done by an Aftrolabe, which | 


3s a Plummet it ſelf, or elſe with a Plummer Jridi 


ficted ro another Inſtrument, and at ſome | 
rimes may do better ſervice than the Horizon, } 
and for an Altitude barely, 1s ſhewed al. 
ready. | 


For the Latitude thus ; 

Count the Declination, which is the ſame I 
with the Laticude, from 00 on the Loo. | 
piece toward the Moveable-leg 3 and con-. } 


trary Declinations, both of Sun or Stars, | 
count the other-way toward the Head-leg, | 
and thereunto ſer the edge of the Horizon. 1 
fight,:that hath the ſmall-hole on it. | 
Then let che Sun-beams ſhine chrough | 
the ſmall-hole on the Turning-fight, to the 
ſmall-hole on the Horizon-ſizht, the Thred | 
and Plummer duly playing, thall ſhew rhe | 
Laritude of the place required, 
Bur if you look ar a Star, having the } 
ſame Declination, then ſet your eye to the 
Horizon-ſight, and behold rhe Star through 
che Turning-fight, and che Thred ſhall fall 
on 


Wſers 


ty by 


TJori- 


ſame | 
Doe. þ 
con. | 
tars, | 
-leg, 
ZONe | 


2FT 
on the Latitude required, when you look 
toward the South, being in Northern Lati- 
tudes, 

So «lſo, When you turn your face toward 


Ithe North, in obſerving thoſe Stars, it 1s beſt 
{done when they come to the Meridian below 
vhich | 
niet | 
ſome : 
zon, | 


1 al. 


the Pole ; but for their coming to the Mc- 
rid1an above the Pole, then their Declinati- 
on 1s increaſed by the quantity of their d1- 
ſtance from the Pole, or the complement of 
their Declination, 

As thus ;; 

The Declination of the Pole-Star, when 
in the Meridian below the Pole, 1s 87-20 
from the EquinoQtial z bur when the fame 
Star 1s on the Meridian above the Pole, 
then it 1s 92 deg. 4©/ diſtant trom the ſame 
Northern part of the Equinoctial. 

So that if you make 60 onthe moveable- 


Jicg, to repreſent the North-pole 5 then you 


ugh | 
the 
wed | 


the | 


the | 


tie 


vg 


fall 


may count or obſerve any Star that 15 25 
degrees diflant from the Pole, both above or 
below the Pole; then adding 3o degrees to 
what the Thred falls on, ſhall be che true 
Latitudes complement required 3 becauſe 
you have removed the Pole from 90 to 60, 


$ 30 degrees backward. 


Example. 
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Examvle, 
The declination of che uppermoſt Star in 
the great Bears back, is 63-45; that 1s, 


26-15 below the Pole z or, 25 degrees 17! 
minuts above the Horizon, when on the! 
but the ſame! 


Meridian below the Pole ; 
Star, when on the South-part of che Meri- 


dian, 1s 77-47 above the Horizon,or 26-15 | 


above the Pole. 
Therefore, 


The Star being below the Pole, you may} . 
ſet the hole in the middle of the Horizon. } 
fight, to the Declination, counting 90 the # 
Pole, and looking up to the Star, as uſually, | 
the Plummer will-fall on 38-28, the Lat- 


rudes complemenc required, 
eApan, 


The ſame Star hs on the South-part of | 
the Meridian, above the Pole, I count 6o on | 
the Moving-leg for the Pole, and 26-1 bes ! 
yond that Pole furcher, viz. to 86-15, | 
which is as far as you can well go, counting | 


60 the Pole 3 then obſerving, as 


you did 


before, you ſhall find the Thred to play on 
08-28, the Laticudes complement required, | 
for the diſtance between 08-28, and 86-15 
1S 77-47, adding 30 degrees, becauſe of 60 
anſtead of 90, forthe Pole-point. 


Nite, 


L 399 3 
Note, That the Thred playing near the 
corner, may prove ſomewhat troubleſome to 
obſerve, without help of another perſon ; 
but if you will be exact in this or any other 


J Obſervation, a Staff and a Ball-ſocket, 
J ſhould be applied to this, as well as to 0- 


ther Inſtruments, to ſtand ſteady and ſure 


J in the time of Obſervation. 


Thele wayes are ready and eafie, with 


J out taking notice of thoſe Regulations and 


Cautions, which are to be obſerved in find- 
ing the Altitude, barely, ag in the Seamars 


1 Kalender, and Mr. Wrights Errors in Navie 
I gation, is plaiply ſeen. 


Burt if you know them all, and had ra- 
ther uſe thoſe Rules in choſe Books; then, I 
ſay, a Thred and, Plummer by this Inſtru- 
ment, will do as conveniently as any other, 
or the three Sights and Horizon, as before is 
ſhewed, to find the Alticude. 
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SLLCCECOS CESSOIES8 


CHAP, II. 
To Reftifie the Table of the Suns 


Declmation. 


Table of the Suns Declination, tor che firſt, 


year. ; 

Bur in conſideration, thar the ſecond after 
the Zeap-year, 15 a mean betwcen the other 
three; I have made a Table for that, and 


third, and Leap-year, have added a Retti- 
fring Table to bring ir to a minut ar leaſt to 
the real truth, whercin I have followed the 


of che Suns place, for 1666, 
In 


Hus much as for the way of O;ſerva- 
[ tion 5 now, that your Operation may | 
becruealſo, it 1s neceſſary that you have a | 


ſecond, and third year, after the Leap- 


the Months on the Triangaler- Quadrant | 
are agreeable thereunto ; and for che firſt, | 


Suns place, according to Mr, Streets Table 


In 
minut 
41mm 
three 
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In which Table, you have degrees and 
minutsz and a prick after, notes a quarter of 
a minut 3 and two'pricks, half a minurt ; and 
three pricks, three quarters of a minur 
more. 

Now, by the Rule, you may count to a 
minut, and the Rettifyirg T able tells you 
; how many minuts more you muſt add to, 
HNS For ſubſtraft from the degrees and minuts 

the Table or Rule thall ſhew it 3s, un the 
ſecond year, 


IO» 
Ow 


ATable 


l = _— nine” 2 ER EN.,"5 CT I 226 Ie bo — "30 - 
wy : SIE GRIDS E we —W 


da * 


TY 


en 


©TEIS Et EIT IE IE TS; 7 IE 
EE ad 4 WS. Ree Ie Fs} 
_ Wo SC RC 


q 
Pr 
if 
7 
+ 
ny 
' 
qr 


> hers = 


EE TIES nom T2 ie EE ED Et we Eb ee ee 
. by ne oe EE EE IE Ee II TETRIS 
a - _ GIS — _ - CO E_ S—es)an/4aypents - + 5-9. ns ». - 
c——— E932 a ae \ rh £ 2 DEAL in ei aus SIRE EEE 
a6 A & 


ks wt 
A Table of the Suns Declination every day at Noon 
for London in the year 1666,tbe ſecond year after 
the Leap-year, according to My. Street's T ables of 
Longitude, Calculated by Fobs Brown, 1668, 


© cw a lagu vw» | Rig yuon | 


Febr, 


D.M. 


| 13 50-- 


13 30-* 
13 10. 


| 12 49+-++ 
| 12 29 


March 


D.M. 


April. 


May. 


Jane. 


D.M, 


| 03 29- 


03 OF . © 
OZ 42 
O2 

ol 


08 31- 
C8 53+ 
09 IF. 
Og 36+. 


109 58 


12 08+ 
II 47+ 
II 2F+0*+ 
1I ©4- 


| 10 43 


IO 21 
09 59- 
0g 37 
OL 15 
08 52_ 


.| 03 29+. + 


O8 07+. 
07 44*-* 
O7 22 
06 59 


Ol 
al 
oQ 


IO 19+- 
IO 4Os»* 
It CI 
II 22 
II 42++: 


D.M.. 


Ot ——— 
18 02 


18 17- 
IS 32 


l9 40+ +» 


I9 Ol 


19 14+ +0 


I9 3g, 
I9 41+ 
19 $4-- 
20 O7 


112 03 


I2 23 
12 43+ 
13 C3 
l3 22s. 


29 19 
20 Zl 


C6 36 
CO 13 
O5 50 
OF 26+» 


.| 05 03- 


13 42 
14 ol 
14 20 
14 38- 
14 57__ 
I5 I5 x 


115 33 


IS FDO-»» 
16 OS 
86 25* 


<— 


D.M, 


23 [I+ 


23 14+, 


I6 42 
16 58.- 
I7 14:++ 
I7 ZOe +» 
I7 47 


© c&wy aluanw r - | Rig quon | 


Noon 
after 
les of 
8. 
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A Table of the Suns Declination every day at 
Noon, 8c, 


Sepen Oh. 


© cv alanw wr = | ig quon 


Be. 
l, 
"may 
4*. 
S » 
L 
Joo. 
5 
7. 
J» 
pr 
J ® « 
[ 

Je © 
) 

} 


———— ____— I 


Noven| Decen 
D.M. |D.M. | D.M. 
O7 I2+. 17 37-.- 23 07- 
| 07 35+ [17 35+-+[ 23 12 
O7 $5-+«| I8 los |23 16 
OS 20» 18 25.. [23 19++ 
08 42-+ [ 18 qt. [23 22: 
09 04+ +-| 18 56. 23 25 
Og 27 [19 19+-+.[23 27- 
09 49 I9- 25 | 23 28-4 
+jIO 1T Ig 39- [23 39 
10 32.+ [19 53 &3 30-* 
- $Z++e| 20 06. 23 31 
EL 15+ |20 19 23 30+ 
II 36. | 20 3I,c:} 23 39 
410 57 20 44 |33 2 
Iz 18, | 20 $5+++|23 27 
Iz 3d...{ 21 07 |23 25+ 
[2 59, | 21 IS» -| 23 22+ 
13 29 [21 28+] 23 19, 
13 39+-+| 21 38-+-|23 16 
3 59+ [21 48+ [23 1! 
14 1g [21 53 - |23 07+ 
14 38 22 Q7 23 Qze+ 
I4 57+» | 22 IF 22 57 
[5 16 [| 2223+» | 22 FI- 
65 35 22 31 zj22 44+ 
I5 53+. | 223 38. {22:38 
16 If 22 45 2 3D-. 
16 29+ | 22 Flee | 22 52 
16 45: 22 57. |22 15 
[7 0Z++0! 23 OZ» oy 05. 
i2 


AT able of the Suns Declination for every 5th 
and 10th Day of every Month of the Four 
years; Calculated from Mr. Street's T ables 
of the Suns place,made for the years 1665 
1666,1667,anud 1668; the neareſt extant. 


M. | U| I. I665| 2. 1666 L.Y. 68 


21 ot 21 0Z+» 21 09» 
19 58-, [20 OI» 20. 08+» 
I8 49- [I85I IS 58. 
[7 27+ [17 3E. 17 39-+ 
I5 $9-++[16 03+. IG I2.0+ 
[4 25 I4 29.-- 14 39 


12 24 I2 29 I2 39 
lo 39.+. [Io 43 ry 53+. 
oY 47 OS 52+ + 09 03s 
06 53++ [06 59g +++ 1O7 10: 
C4 57+: 105 03» *| 95 I4e- 
03 47.S [O03 520+» .« [04 O4q- 
ol 48-..]01 $4.» 
00 10N [oo o4.N 
02 Og OZ O2+ + 
04 Og OZ 59-» 
O06 00+ [Of 54+» 
O7 52: + 107 47 


Io 03- Jogs58 
IL 47.+- 
13 27- 
IF Ol.- 
I6 29, 
—_ I7 FO, » 
19 04. 
20 10 
21 O7 

2I TFo* 
22 34 
oz 03 

23 24 , 23 25+» 
23 30,9”. . . n 31 

23 27 23 26+, 
| 23 13 - [23 Iz | 
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A Table of the Suns Declination, 8c; * 


1 


DS 


*ljnſ, | 


nl £3 


2. 1666 L,Y.68. 
© —— 
21 33 2 28 
20 4L 20 35 
19 39-* I9 ZJ+ +0 
18 30. IS 23 
17 I3+e 17 o5 
Ig 49: Ig 49+ , 
I4 QOQ+» « + I3 FO 
Iz 23 I3 33 
IO 4le.. Io ZI 
08 55+ o8 44 
O7 OF + » 06 '$Z+oo 
of IZ-+ OS OOs +0 
O2 54. Oz 42 » 
02 57-N 00 45. N 
OL ©0...S OL 12. $ 
©2 58 03 OJ» 
04 F4e«» OF OG+. 
cb 49 07 Ol. 
Os 42-0 08 54 
IO 32. IO 43-+ 
Iz 18 12 28+. 
I3 $9s 14 09+ 
If 25 I5 44 
I7 O3*» I7 12++ 
I8 41. 18 49 
I9 53 I9 $9+-+» 
20 FFo+e 21 OlI- 
20 48. 21 53- 
22 31 22 35 
23 O2+0, 23 OF » 
23 22+ 23 23 
23 ZO-+. 23 34 
23 27 23 26 
23 I[**. _ O9j 
22 44+* 22 4l 
22 06 22 Ol co _ 
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"4271642 3(F | *qturnony | *429000 |+429gua;dag] *15nTuyp | 


AT able 
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A Reflifying Table of the minuts andquarters that are tobe 
added or ſubſtraſed frem the fore- going Table of the Suns 
Declination, made for the ſecond year after Leap-yeat, for 
every day at noon in the Meridian of London. 


4 
M., | LL year(3 year|L.year., (M.1D11 yea.j3 yea! |L. year. | 
 [oGif. 2. [ao 250 fan Fe... Fiſ. 2++ ſa. 2. [5 of T — 
D [roffe3 ſfſa-3+ fa. 6. | 3 [» 2-+.þ. 06 J in. 
Q |[I5|C3-- fa. Je [as 7  {15[C.3- Ja.3 3.06... | 
D 20|l. 4 4, 4 4» 3. DB #20. *+» 4, 2+ + IS. o | —_ 
hs _ 3 3 07 Ol 
I [25] 4. + [te4+ [as 9-* 251ſ. 3---j-4 [$.08.. | } [0 
RT Z9[C 4- « o[&.F- [2. 9.. _—_q(.4 a. 4. | 09» 1 [o; 
M1 losil.s fÞ. 5+-+ |a. Io Og|f. 4. ja. 4+ + {$. 09+» ns 194 
VU 10IG 5 de Fe+ [@, IO» >\1cyl. 4+ + 6.4 »*e[$. 10 of 
ny I5IC. 5++ 4. F+eoo[A4, IO, 8 I5](- F oF $. 10., o6 
D [20ſec 5-.-hc,ee A, IO. | & i200. 5 fag [8.1 97 
I [25[f. 5-. 2.5. -o|a 10 P25. 5+ fag. [8-11 o8 
* ]28C6 {a.5--eja. Ie» — 3c. 5++- a. 5+ + |s. 11+» og 
ch O5f{.6. {2 F-» jf, I2 A 05[5. 5+ +58. Foo $, IT. Toſi 
XV [loſs 6. If Fo» [a.12.. | PB 108 5--o [ae Forofs. 12 oy 
= [i5ſn.6+e |f 5. Ja 12 I I15]8. Go. 2 G-- i, 13: 12l 
2) 2O0ſ4, 5: o-|feF- Ge. II*+. S '20|a. 6- $.F-o+(> I 2-0 13 | 
- 2; 2. Feorll. 5 a+» ITe, Y [35]8- 5: oo]5oF a. 1I 14}; 
BORE: 3Oha. 5.5 [{. 4+++ ja. IT = Zo. 5-* [$0 4+ cojh. Io, 51 
A | 05Þ-5** 1,4. [ae 11 o5f. 5+ $. 4.+ |. Iles» T6] 
'VX | 10. 5+* [f. 4-- [a. 10-. B'rgk.5- $* 4-+.[4.18 = 
R | 15 5** "ifs 4-+ ja. 10 S jx5j#. 4+-**j8.5 8.10» 1814 
20,5 [|f.4., [a.o9 Y 20. 4+*-[$.5+-+./4.10 19] 
25Þ. 4+ of, 4 + ia, OS . [25]#. 4*+ os F+- | [6. C9. + 2011 
—| 3p 4 if. 4 fa. 97+] Jo 30ft-4:* [$. 4+ a. 09 —[; 
O5ÞR-Z+»+ [f.3.. a, 7 S/o5la-4 my a. 08 _ 
& 1.3 |l3 fa. 6 I 1018.3 |s.3++ [a. 07 = 
ISRs Zerefl, 2 fas Foo J {15[8- 2+ $.3- 8.06 31 
B | 20-2 [f.1...Ja. 4 20ſt 2 [8./2-. + is 
* | 25|a- Teo [feies ſas 3 I '25]a. 1+ 8.2 [#.03e+ ha! 
__| 30 T. jor fa. 2 ]*_t{3c|a.1-+ .T-. fa. 02 _ 
O5R. O's {. 0+ «oja. B S'og1t.1 S. O,++j8, OI +0 « 
BS tof.0 fl.o-. [a. © S '1c/t.0 {0 [a.00+ =—_ 
S | 15ſ.o-+». ſa.o If. ©. I ixg|4. 0+ j3,0- [$.0T 361 
Ss KI 3 = ,20{s- 0+. ſa, 1+ [$.02 FP 
zeſl. los fa.ir. If. 3 I [25[$. 0. ja, 1.+ {5,03 31]E 
30 jf- Torrie toe I, A * 3cls.z a 2 - 1$.04e.+ y2jÞ 
1665 1667 1668 1665 1667 1668 331] 


1669 I671i 1672 Porttele 1669 1671 1672 
1673 1675 1676 yous, 1673 1675 1676 
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A Table of the Magnitudes, Right Aſcention in 
Hours and Minnts, and Degrees and Minuts, and 
the Declination North or South of 33 fixed Stars. 


;M, . Aſc. ” [. p 
N.| Names of the Stars. - R. Aſc. | R-Aſcj Decli. M. 
= D. M.| H-M. DM. I- 
©1 | Pole..Star,or laſt in little Bear,| 2 0 J218 N- 
02 | Andromedas Girdles 2 K4 i O ” 2 S N- 
03]|Meduſacs bead 3|4 27] 246139 35 |N- 
04] Perſeas right fide 2 | 44 30; 2 58148 33 | N- 
o5| Middle ot the Pleides 5 | SI 22; 3 26| 23 06| N- 
06[Bullz cye '1|64 of 416|[15 42|N, 
O7| Hircus or Goat 1 |72 44] 451l]45 36| N. 
08] Orions left foot 1174 39] 458] $38|$. 
09] Mid-itar in Orions Girdle 2179 45] $19] 128] $. 
10[Ortons right ſhoulder 2[84 F| 5 36| 7 18|N. 
11 |Auriga, or Waggoner 2184 45] 5 39|4456;N. 
12] Great Dog i1]99 24] 6 30[16 13! N. 
13 |Caftor, or Apolla 2 [108 00] 7 13|32 30, N, 
14|Little Dog I |1lo 20] 7 21} 6 6; N. 
15[Pollux, or Hercules 2|1Ilo 25| 7 22|28 48| N. 
16 Hydraes heart | 1 |137 36] 910| 710, 8. 
17|Lyons I | 147 3o| 9 50[13 39. N' 
18 Great Bears fore-guard 2 | 160 48|1o 43 | 63 32: N. 
19|Lyons tayl I | 172 45 [11 31 [16 32' x: 
20| Virgins Spike x | 196 43113 07] 911 | Ne 
21 |Laſt in great Bears tayl 2 | 203 36|i3 34 |51 5 N 
22! Arurius | I | 209 56|14 po 21 4| N+ 
23 [Little Bears fore-guard 2 | 222 46114 5275 36| N+ 
24|Brigheeſt in the Crown 3 | 231 oo |I5 24, 27 43{N 
25 [Scorpions heart I| 243 23 16 09] 25 37\ $- 
26; Hercales head 31 254 40 '16 59] 14 51| N. 
27) Lyra, or Har I, 276 17 |18 25| 38 3o| N] 
28| Eagle, or Vulture 1| 293 28 [19 35| 8 1| N. 
29 (Swans copl, 2 | 307 30 |20 30| 44 5|N 
39!/Dolphins head " 3307 53 [20 32| 15 01} N. 
31 |Pegaſſus mouth 1 | 321 50 |21 27] 8 19; N 
32 |Pomabant 3 | 339 30 |22 38| 3I 17! S. 
33 [Pegaſſus lower wing 2 | 358 50 123 55' 13 22 Nf 
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As for Example. 

To find the Suns Declination for the year 
x60, on the xath day of Aday : Firſt, if 
you divide 70 ( being the tens only of the 
year of our Lord by 4, rejecting the x00") 
you ſhall find 2, as a remainder, which 
Notes it to be the ſecond after Leap-year 3 
and if © remain, then it is Leap-year. 


en 
Look in the Table of Declination for 


2666, the ſecond after Leap-year, as the 


year 1670 is, and find the Month in the | 


head of the Table, and the day-on one fide, 


and in the mecting-point you ſhall find 20 | 


deg. 31 min. for the Declination on that 
day at noon required. 
Or, | 

If you uſe the Trianguler Quadrant, 
extend the Thred from the Center over the 
x2th of May, and you ſhall find it to cur in 

' the degrees juſt 20 deg. 31 min. the true 
Declination for that year and day. 

Note, That if you have occaſion to uſe 
the Declination betore noon, then obſerye 
that the difference between ſtroke and 
ſtroke, is the difference of Declination for 
ene day ; and* by conſequence, one we of 

tat 
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chat ſpace for half a day z and a quarter for 
a quarter of a day, &c, | 
As thts for Example. 

Suppoſe I would have the Suns.Declina- 
tion the 18th of eAuguFft 1666, at 6 in 
the morning 5 here you muſt note, that the 
x8ch ſtroke from the beginning of -Augut, 
repreſents the x8th day at noon juſt. 

Now the time required being 6 hours be- 
fore noon, Lay the Thred one fourth parr 
of the diſtance for one day, toward. the 
17th day, and then in the degrees, the 
Thred ſhall cut on 9-437, whereas at noon 
juſt, it will be but 9-38 ; and che next, or 
I9th day at-noon, it is 9 degrees 16 min, 
and 3 quarters of a min, as the rhree prick, 
thus ,,, in the Table doth plainly thew . 
but by the Rule, a minur is as much as can 
be ſeen, and fo near with care may you 


come, 
Nite alſo farther, 

That if you ſhall uſe ir in places that be 
4 hours, 6 or 8, 100r 12 hours more Eaſt- 
ward, or Weſtward in Longitude, the fame 
Rule will tell you, the minuts to be added 
in Weſtern-Longirudes, or to be ſubſtratt- 
ed in Eaftern-Longitudes, as Reaſon and 


Experience will dictate unto you with due 


conſideration. 
R 4 For 


FR CoA. 2-9 ii. A iy,” 
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For if being Eaſtwards, the Sun comes 
to the Meridian of that place before it comes 
to the Meridian of London ; then lay the 
1hbrcd as in morning hours : 


minut of the very truth. 


But if it happens to be the Leap-year, or 
the firſt or third year after the Leap-year, | 


then the ;, 


Suppole for the 5th of Oftober 1671, be- | 


ing the third after Leap-year, 1 would have 
the Declination. 
Firſt, 1t you lay the Thred over the 5th 


of Ottoter, 1n the degrees, it gives 08 deg, 


42 mnuts ,. , for the Declination jn the ſe- } 


cond year after Leap-year ; then, becauſe 


this js the third year, look in the RefFifying- 


. Table for the 5th of Oftober, and there you 
tind s, 4 .. , for ſubſtract 4 minurs and a 
halt from 8-42 .. reſts 8-38, the true de- 
clination required for the rh. of Offober 
3671. The like work ſerves for any other 
cay or yearz but for cyery gth and Toth 
| _ day, 


Bur if the | 
wa be to the Weſtwards where it comes 
ater, then lay the Thred ſo many hours *' 
beyond the Noon-ſtroke for London, as the | 
place hath hours of Weſtern-longitude more | 
than Loxdon, counting 15 degrees for an | 
hour, and 4 minuts for eyery degree; and | 
then ſhall you have the Declination to one { 
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Lay, you have the Declination ſct down ir 
Ja Table for all 4 years, to prove and try the 


truth of your Operations z and by that, 


Jand the Line of Numbers, or the Rule of 


Three, you may continue iti to every day 
Jby this proportion. 


EE AT RI. 


As 5 dayes, or 120 hours, to thediffe. 
rence of Declination in the T able, be. 
tween one 5th day and another z | 

So is any part of 5 dayes, or 120 hours, 
to the difference in Declination to be 


I day only ; 


added or ſabſtrafted tothe 5 dayes De- 

clination immediately fſore-going the 

day required, | 

Example. 

Suppoſe for the x8th of February x669, 
the firſt afrer Leap-year, I would know the 
Declination by the Table made to every 5th 
On the 2oth of February, L 
find 6-53 *3 On the ngth day, 8-473 


I the difference between them is x=53 + 3 then 
I the Extent of the Compaſles from 5, the 
{Number of dayes, to 1-53 .- the minutes 
I difference (counted properly every xoth for 


6 minuts) ſhall reach from 3, the dayes 


I from x5 toward 18, to x degree 7 minuts 


and a half,. which taken from 8-477, the 
Declination for the x5th day, leaves 7 de- 
grees 38 minuts and a half, the true Decli- 
nation 
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nation for the x8th day of February, inthe 
firſt after Leap-year, 


Or,by the Line of Numbers thu ; 

The Extent from 5,che difterence in dayes, 
to I13 £ ,thedifterence in min, for 5 dayes, 
ſhall reach from 3, the difference in dayes, 
to 68, the difference in minuts for 3 dayes, 
to be added or ſubſtracted, according to the 
increaſing or decreafing of the Declination 
at that time of che year. 

Proved thus ; 


It youſubſtract 57; from > deg, 44..; 


the declination in the ſecond year, there re. 


mains 7 deg. 387 :, the Declination for the | 


x8th of February, 1669. .. 

Theſe T ables. may ſerve very well for 30 | 
years, and not difter 6 minuts in Declina- 
tion about the EquinoCtial, where the dit- 
&crence is moſt; and in Jwuxe and December 
notat all to be perceived, . 

Thus you may by the Rule and Reftify- 
ing Table, find the Suns Declination to a 
minut at any time, without the trouble of 
Calculation, : 


CHAP, | 


% 


The 


in the 


Y 

dayes, 
dayes, 
dayes, 
dayes, 
to the 
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CHAP. IV. -. 
The uſe of the Trianguler- Quadrant 


ation 


44... 
rec. 
2r the , 


Ir 30 | 
-lina- 
e dif- 
mber 


im the Operative part of 
Navigation. 


Uſe I. 


To find how many Leagues, or Miles, anſwer 
zo one Degree of Longitade, un any Lati- 
tude between the Equinoflial and Pole; 


Irft, it is convenient to be-reſolyed how 
2 many Leagues or Miles are in one De. 
gree in the Meridian or EquinoGtial, which 


I Mr. Norwood and Mr, Collins hath ſtated 2- 


bout 24 leagues, or 72 miles. 


TY. 

Tf you keep the old number, making the 
miles greater, yz, 60 miles, or 20 leagues 3 
then the proportion, by the Numbers, Sines 
and Tangents, runs thws ; mg 


— 
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As Sine 90, to 20 on the Numbers for 
leagues z 

So is Co-fine of the Latitude, to the 


leagues, on the Numbers, contained in : 
one degree of Longitude in that Lati- | 


tude, 


But in Miles, to have the Anſwer, 
work thus; © 


As Sine 90, to 60 on Numbers ; 


So Co-fine Latitude, ro the number. of | 


miles, 
Example, Latutnde 51* 32). 
As Sine 90, to 60; * 
So Sine 38-28, -to 37 miles #2. . 
But by the Trianguler- Quadrant, or 
Settor, work thus ; 
Take the latteral 20 for Jeagues (or 60 


for miles) from the Line of Lines from the I : 


Center downwards ; and makeita parallel 
in the fineof 90, laying the Thred to the 
neareſt diſtance, _ 


Then, 

The neareſt diſtance from the Co-ſine of 
the Latitude, to the Thred, meaſured lat- 
terally from the Center, ſhall ſhew che true 
number of Leagues required, 


Example, 
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Example, Latitude 5 1* 32% 
AS — 6o, to —=fine of 90 z 
So = fine of 38-28, 0 —— 37-30,0n 
the Lines, 
AS— 20, to==fineof go ; 
So1s = fine of 38-28, to — 12-40 for 
Leagues, - BEM 


Ir. of | 


{ it gives the Miles in one degree, cutting off 


Or, 

As — 24, to = line of 90; 

So 15 m fine of Co.lart. ro — x5, the 
number of Leagues, after the experi- 
ment made by Mr, Norwood, of which 
rrue meaſure you may read more in the 
Second Part of the Plain Scale, by Mr. 


Collens. 


Or 
If you multiply cheNatural Sine of the 
Co-lat. by 2, it gives the Leaguesz or by 6, 


the Radius from the Product. 

Note alſo, That if youtake the Natural- 
Number of ' the Secant of the Courſe or 
Rumb, and multiply it by 2; cutting off 
the Radius from the Product, it ſhall give 
the Leagues required, to raiſe one degree, at 
the rate of 20 Leagues to one Degree of a 
creat Circle, | 

FF Uſe IL 
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Uſe IEF. 

To find how many Leagues, or Miles, as. 
' ſwer to Raiſe, or to Depreſs the Pole one 
degree on any Reemb from the Mer. 
dians : 


Firſt, by the Artificial Sines, Tangents, 
and Numbers. 


As the Co-ſfine of the Rumb from the 
Meridian, to 20 Teagues ( or 24 
Leagues) on the Numbers 

So is che fine of go, tothe number of 
Leagues required. 

Which, when you have ſayled on that 

Rumb, you ſhall raiſe or depreſs the Pole 
one degree. 


But by the Trianguler- Quadrant, thu; 

As — 20, taken from the Line of Lines, 
or any equal parts, to the = Co-ſine ot 
the Rumb, laying the Thred to the 
neareſt diſtance. 

So 1s the == ſine of 90, or neareſt diſtance 
from fine 90, to the Thred, to — 
Number of Leagues required, to ſayl 
on that Rumb, and to raiſe the Pole 


one degree, 
Uſe III, 
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Uſe IN. 
To find how many Miles or Leagues ayſwer 


to any number of degrees in any parallel 
of Latitude. 


Suppoſe you ſayling in the Latitude of 
48 degrees, have altered your Longitude 30 
degrees, and would then thereby know - 
how many leagues you had failed. 

Firſt, bring (or reduce) the 30 degrees to 
Leagues, by multiplying them by 20, or 24, 
(the leagues reſolved to be in one degree) 
which makes 600, (or 720), 


Then by the Numbers and Sines- 

The Extent from the fine of 90, to 42 
the Co-fine of che Latittide, ſhall reach the 
ſame way, from 600 on the Numbers, to 
400 the leagues required 3 or from 720, to 
480, according tro Mr, Norwood, 


By the Trianguler-Quadrant. 

Take — 600 from the Line of Lines, or 

any equal parts, and make it a = in thefine 

of go, laying the Thred to the neareſt d;- 
ſtance. 

Then, 
The neareſt diſtance from the fine of 42, 
the 
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(che Co-fine of the Latitude to the Thred) 
and it ſhall give 400 on the Lines, or equal 
parts, the leagues required. - 
Which i thus more briefly ; 
'As — 600, to= finego; 
So is = fine-42, t9 — 40, as frequent- 
ly before, 


Uſe IV. 


To work the fix Problems of Plain Sayling 
by Gunter's Lines on the edge, or the 
Trianguler- Quadrant, 


Note, That in this CArt of Navigation, 
or Plaiz Sayling, that the Angle that any 
degree of the Quadrant, or Point of che 
Compaſs makes with the Meridian, or 
North and South-line, that 3s called the 
Rumb or Courſe. | 

Buc the Angle that it maketh with che 
Eaſt and Welt:line, or parallel, is called the 
complement of the Rumb or Courſe, 

Note, Thar in plain Triangles, the Sines 
and Fangents give Angles, and the Num- 
bers give Sides. | 

Note alſo, That in Plain Sayling, the di-\ 
Nance run, or Courſe, 1s the ſame wich the 


Hypothenula zn plain Triangles, 
| Alſo 


—Aa 
A 


J—__— 


= hs þ HR 7 

eAl[o note, That the difterence of Latz- 
cude is courited on the Meridian, and the 
Gifterence of Longitude or Departure from 
the Meridian,is counted on the EquinoGial, 
or on a-Parallel of Latitudes. 
One of which Lines, 1n plain Triangles, 
15 called the Baſe ; and the other, the Per- 
pendiculer. The Baſe being a fine, and the 
Perpendiculer a fine complement; _ 

Wite alſo, That in North Latitude,Sailing 
Southerly, the Latirude doth decreaſe ; 
therefore you muſt ſubſtrat the difference 
in Latitude, from the Laticude you parted 
from ; hut if you ſayl Northerly;then you 
muſt add it to the Latitnde you parted 
from : The like in South Laticudes. | 

But when one Latitude is South, and the 
other North, then you mult add them both 
cogether, | | 

Nite alſo, That the difference in Lati- 
rude and Longitude, (and Deparrure) when 
given in degrees, are to be reduced to 
Leagues,by mulciplying by 20, and counted 
alwaycs on the Line of Numbers, or equal- 
parts, when you uſe the Trianguler- Quas 
drazt. 

So then in uſing the Index and Square int 
Plain Sailing, the diſtance ſayled, is alwayes 
counted on the [zdex from the Center, | 

; S 4, The 


—_ 

The Courſe is counted on the degrees 

from the Head toward the Looſe-piece, 

The Difference of Latitude on the Head- 

Leg, from the Leg-center to the Head. 

The Departure or Longitude, is counted 
on the Square. | 

The complement of the Courſe or Rumb 
3s counted on the degrees, beginning at 00 
on the Looſe-picce, 

When your nuriber of Leagues exceed 
100, you muſt double the Numbers on the 
Index, the Square, and Head-leg, or count 
10 for a 100, &c, 


Problem | 
T he Courſe, and Diſtance run on that Courſe, 
bring grven, to find the difference in Lati- 
tude, and Departure, or difference in Lon- 
gitnde, 


As fine of 90, to the diſtance run ( or 
Leagues ſayled) on the Line of Num- 
bers ; 

$0 1s Co-ſine of the Courſe or Rumb, to 
——_— in Latitude on the Nume- 

CI'Ss 


"Again, for the Longitude or Departure. 


So 1s the fine of the Courſe, to the De- 
parture, or ference in Longitude. 


By 
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By the Triazguler- Quadrant; 


As — Leagues failed, ro = fine go, lay* 
ing the Thred to the neareft diſtance 3 

| So — Co-fine of the Rumb or Courſe, 
to — difference in Latitude, Or, 

So 1s = fineof the Rumb or Courſe, to 
= Departure, or difference in Longi- 


rude; 


I | 
- By the Index and Square, after the man= 
+ ner of a Symcal Quadran, thus ; 
Set the Index ( being put over the Leg- 
Center-pin ) tothe Courſe counted on the 
t degrees from the Head, toxwward the Loofe- 
b IeCCs 
4 : Then ſlide the Square perpendiculer rothg 
Head-leg, till the divided cdge thereof cuts 
the diſtance run on the Index ; then ſhall 
or the Index, on the Square, give the Depars 
N- ture or Diftexence in Longitude 3 and the 


Square on the Head-leg, ſhall ſhew che Dit- 
to ference 1n Latitude, 


F S 2 Problem it; 
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Problem II, 


The Conrſe and Difference of Latitude g1i- 
zen, to find the Diſtance run, and De- 


parture, 


As Co-fine of Courſe, to the Difference 
. in Laticude ; | 
So is fine 90, to the Diſtance run. 
Thes, 
| Asfine of go, to the Diſtance run 
[ So 15 fine of .Courle, to the Deparcure. 


By the Trianguler- Quadrant, without 
the Square. 4 
As — difference 'of the Latitude, to 
= Co-fine of the Courſe ; 
So=fine go, to — diſtance run. 
So is = fine of the Courſe, to the De- n 
parture, 


P.M 


j 


© With the Index and Square,thuss 


Set the Index to the Courſe, and the S 
Square to the difference in Latitude 3 then | qu: 


on the Index, is cut the Diſtance ; and on Ind: 
the Squat e, the Departure, | | the 
_ | Squa 


Problem II. 


NCE 


*” 


1 


» t0 


De- 


the 
then 
1 on 


IIL. 
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Problem TIT, 
The Courſe and Departure given, to find the 
diſtance run, and difference of Latitude. 


As fine Courſe, to the departure on 
Numbers . 
Sos ſine 90, to the diſtance, 
Again, 
As the fine 90, to diſtance run; 
$9 is Co-ſine Courſe, to difference in Las 
tirude. 


By the Trianguler- Quadrant, 

As — Departure taken from any fir 
Scale, to = Co-ſine of the Courſe ; 
So is = fine 90, to — diſtance run on 

the ſame Scale, 
So is = fine of the Courſe, to the difte- 
rence in Latitude, * Hg 


With the Index and Square. 


Set the Index to the Courſe, and ſlide the 
Square perpendiculer tothe head-legy till the 
Index cuts the departure on the Square;then 
the Index ſhewerh the Diſtance, and' the 
F Square the Laticude on the Head-leg, coun= 
ting from the Center, 


S 3 Problem IV 


an 
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Problem IV. 
The Diſtance run, and difference in Lati- 
tude given, to find the Conrſe and De- 
partare, 


As the Leagues run, to ſine 90 3 
So the difference in Latitude, to Co-ſine 
Courſe, 
Again, 
As fine go, . to the diſtancerun; }. 
So 15 fine of the Courſe, to the Departure, 


By the Treanguler- Quadrant- . 

As — Radius, or a ſmall {ine of go, to 
— diſtance run on the Line of Lines; 

So 1s = difference in Latitude, to Co-fme 
of the Courſe, meaſured on the ſmall 

\ Sine. | 

So is — fine of the Courſe, to the == 

departure, carried = in the Lines. 


By the Index and Square. 

Set the Square to the difference in Lati- 
tude, and move the Index ci]l the Square 
cuts the diſtance run on the Index; then 
ſhall-che Index ſhew.on the Squaxe, the-De- 
parture , and on the Degrees, the Gourle 
required, 

wit 1": Prob!em  V. 


fot, 


Att - 
De - 


Problem V. 


T he Diſtance run, aud Departure given, 
zo =_ the Courſe and Difference 1s La- 
31448, 


As the Diſtance run, to fine 90 ; 
So 1s the Departure, to ſine of the Courle, 
01, 
As fine go, to the Diſtance run 3 
So 1s Co.fine Courſe, to the Differcnce in 
Latitude, 


By the Trianguler-Quadrant. 
As — diſtance run, to = fine go ; 
So — departure, to = fine of the Courſe, 
So 1s = Co-ine Courſe, to — diffcrence 
in Latitude. ; 


By the Square and Index. 


Slide the Square and Index, cill the Index 
cuts the Departure on the Square, and the 
Square cuts the _ run on the Index 

T hen, 

On the Degrees, the Index ſhall ſhew the 
Courſe 3 and on the Head-leg, the Square 
ſhall ſhew the difference in Latitude. 


S 4 Problem VI, 


, 
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Problem VI. 
The Difference of Latitude, and the De- 


parture given, to find the Courſe and 
Diſtance r#4n. 


As the Difference in Latitude, to 45 de- 
grecsz 

So the Departure, to the Tangent of the 
Courſe, 


Agarn, 
As fine Courſe, to the Departure; 
So 1s fine 90, to the Diſtance run, 


By the Triayguler- Quadrant. 

As — Radius, -or Tangent of 45, to 
= Difference in Latitude , 

Sois = Departure, to — Tangent of 
the Courſe on the Looſe-piece from 
whence you took 45. 

..- Then 

' As — Departure, ro = fine of the 
Courſe ; | 

SO1s == 90, tO — Diilance runs 


By the Index and Square. 
Sec the Square to the Diference in Lati- 
rude, on the Heag-leg, counted from the 
Centers and b:ing the Index to cut the 
a Departure 
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| Departure on the Square ; then the Square 


on the Index thews the diſtance ; and the 
Index, on the degrees, gives the Courſe re- 
quired, 

In all theſe 6 Problems, which Mr. Guz- 
ter makes 12 Problems, of Plain Sazling, 
1 have fer no Example,nor drawn no figure, 
becauſe the way by the Index and Square is 
lo plainz and of it ſelf makes a figure of 
che work : For the Index is alwayes the 
Diſtance run, the Hypothenuſa, or Secant: 
The Square ſheweth che Departure ; and 
the Line of Lines on the Head-leg, the dif- 
ference of Latitude: And you may nct on- 
ly perform the work, bur alſo {ce the reaſon 
thereof, being a help to the fancy of young 
Learners in theſe Nautical Operations : And 
if your Square playes true, you 'may be 
more exact than you can by Scale and Com- 
paſs, and much more quick and ready ; not 
only in this, but any thing ciſe in right- 
Angled plain Triangles, as in Heights and 
Diſtances, and the like. 


Uſe V. 


The uſe of the Meridian Line, and his 
Scale. 


Theſe fix Problems of Plas Saylrrg for 
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ſhort Diſtances, may come very near the mat- 
cer; as in making a Traverſe of the Ships 
way from place to place Coaſting, as in the 
Screights, and the Channel, and the like: 
But for great Diſtances, it is not ſo certain 
as the Sayling by CMercators (hart ; there- 
fore to that purpoſe the Meridian-line was 
invented, to reduce degrees on the Globe, ty 
degrees in Plano, as Mr.Wright hath largely 
ſhewed. 

On the innermoſi-edge of the Rule, ox 
Trianguler- Quadrant, you may have 1 
Meridian-line ſo large, as to have half an 
inch for one degree of the EquinoGial; 
and the inches for meaſure, to go along by 
it z or rather you may have it he near to the 
Line of Lines on the Head-leg, as you ſhall 
think moſt convenient, for then it will be 
the ſame as Mr. Gazter's is, and perform his 
very Operations, as near as may be, after his 
_ by the Thred and Compaſles, or Index 
and Compalles, 


Problem ], 
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Problem T. 


T wo places being propounded, one under 
the Equinothal, the other in any Lati- 
tade, to find their Meridional difference 
in degrees and minnts, or 100 parts. 


Look for the Latitude of the place, ſci. 
tuate out of the EquinoGtial in the Meridi- 
an=line, and right againſt in the equal-parts 
is the Mcridional difference of thoſe two 
places, 

Example. 

Let the River of Amazones, under the 
Equinoctial, be one place ; and the Lizard, 
in the Latitude of 50 degrees North, another 
place 3 look for 5o on the Meridian-linc, 
and right againſt ir, on the equal-parts, is 
57-54, for 57 degrees 54 minuts z or mn 
Decimal parts of a degree 5 7-99. 


Problem II, 
Any two places having both Southerly or 
Northerly Latitude, to find the Mert- 
dioaal difference between them. 


Extend the Compaſles on the Meridian- 
line, from one of the Latitudes to the other 
the ſame Extent laid from the beginning of 

IE 14aME SREENT 1416 1 oo 
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the Scale of equal-parts, by the Meridian- 
line, ſhall reach co the Meridional diflerence 


required, 


Or, 

The meaſure from the leaſt Latitude, tv 
the beginning on the Meridional-line, ſhall 
reach the ſame way from the greater, to the 
difterence on the cqual-parts, 

Example. 

If the Laticude of one place be zo degrees, 
and the other 5o degrees z Extend che Com. 
paſics from 3o to 50 on the Meridian-line, 
and that Extent ſhall reach on the equal. 
parts, from the beginning of the Line, to 
26 degrees 26 minuts, 


Problem III. 


Iihen one place bath South Latitude, and 
the other North Latitude, to find the 
Meridional difference. 


Extend the Compaſſes from the begins 
ning of the Line.of Meridians, to the leſſer 
Laticudez then that Extent applied che 
ſame way on the Meridian-line from the 
greater Latitude, ſhall ſhew on the Scale of 
n— the Meridional difterence requi- 
red. 

Examples 


- 


rn eee een rn rr re rene rt et hn 


ar _—_ 


Example, 
1 one Laticude be 10 deg, South, 
and the other 3o deg. North ; The Extent 
from © to x0 degrees, ſhall reach from 30, 
to 41* 31/, the Meridional degrees requi- 


I ed, 
Problem IV- 


The Latitndes of twoplaces, together with 
their difference un Longitude being gi- 
ven, to find the Rumb diretting from 
one tothe other, | 


As the Meridional difference in Lati- 
tude, to the difference in Longitude ; 
So1s the Tangent of 45, to the Tangent 
of the Rumb or Courſe, 
. Example. 

Let one place be in the Latitude of 50 
North, the other in x5 deg. and 3o min. 
North, as the Lizard-pornt, and St. Chri- 
fophers; and let the difference 1n Longitude 
be 68 degrees, 3c minuts; and ler the 
Rumb, leading from the Lizard to St.Chri- 
frophers, be required* 

Firſt, by the Meridian-line, and the Scale 
of Equal-parts, by Problems II. find the 
Meridional difference in Latitudes, which 
in our Example will be 42 degrees, and 12 
pans ofa 100,  _ 

ys Then, 
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Then, | 

The Extent on the Line of Numbers. 
from 42 degrees and x2 minuts, the Meri. 
dional difference in Latitude, to 68 deerecs 
and Jo minuts, the difference in Longitude 
ſhall reach the ſame way from the Tangent 
of 45, tothe Tangent of 583 degrees and 
26 minuts, the Rumb from the Meridian of 
the Lizard Weſtwards, being two degrees, 
and better, beyond the gch Rumb from the. 
Meridian, 

By the Trianguler-Quadran thu ; 


As the — Tangent of 45, taken from 
the Looſe-picce, 1s to the = Meri- 


. dional-difference in Laticrudcs on the 
Line of Lines ; 
So 1s the = difference in Longitudes, to 
the — Tangent of the Courſe 58 de- 
orees 25 minuts, 


But by the Index and Square, this is 
wrought very eaſily and demoyſtra- 
tively thus ; 

Count the Meridional difference of Lati- 
tudes on the Head-leg down-wards from 
the Center, as 42 and 12 or the Line of 


Lines, and ſer the Square to its : 
Ther F] 
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Then, = 

Count the difference of Longitudes on 

eri- the Square, viz. 68-50, and tothat Point 
grees ilay theIndex 3 and then the Index on the 
tude _ ſhall cut the complement of the 
gent FCourle, viz. 3x-35 or 58-25, if you count 
and FEfrom the Head, oats 
an of Y Having been fo large in this, I ſhall con- 
rees, tract the reſt, 


Problem V. 
By the two Latitudes aud the Rymb, to 


ny find the Diſtance on the Rumb. 

ſeri- As the Co-fine of the Rumb, to the true 

the difference of the Latitudes, ( on the 
Numbers) 

, to | Soisthe fine of 90, to the diſtance on 

de. the Rumb required, ( on the Num- 
bers). 


Being given in degrees and Decimal parts, 
, and brought to Leagues by multiplying by 
20, or 24, according to Mr, Norwood, as 
before. 

Note alſo, That the true difference of La- 
titudes, is found by SubſtraCtion, of the leſs 
Latitude out of the greater. q 
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By the Qzadrant: 

As—= true difference. of Latitudes, tg 

— Co-ſine of the Courſe or Rumb ; 
So1is = fine of 90, ©. — diſtance on | 

the Rurhb (in rhe ſame Line of Lines); A 


| The Index and Square is. uſed as in the | 5 
ſecond Problem of Plain Sajling. | 


Problem VT. J 4 
By the two Latitndes, and diſtance betwees | 
two places given,to find the Rumb. } _ 


—_ 


Asthe diſtance ſayled, in the degrees and. | 
I9O parts, counted on the Lins af Num- | 
bers, is to the true difference of Lati- 


rudes , . found as before., by Sub-' 4h 
{tration z | 

$o is the fine of pO, to the Co-fine of the 
Rumb required. x 


As — fine of go, to = diſtance ſailed ; 
So 15 = difference of Laritudes, _ Co. I], As! 


fine of the Courſe, = 
By the Index and Square, work as in if ,_* 
Problem LV, of Plain Sayling- | C556 


Problem VIE; 


es, to 


mb , 


ice on 


ines), 
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Problem VII. 


Both Latitudes and the Rumb given, to 
find the difference of Lougutude, 


As the Tangent of 45, to the Tangent of 
che Rumb z 

So i5 the Meridional difference of Latitudes, 
to the difference of Longitude required. 


As — Tangent of 45, to = Tangent of the 
Rumb, ( firſt laid on the Lines from the 

| Looſeepiece) z 

So15 the — Meridional difference of Lati- 
tudes, to the difference of Longicudes. 


By the Index and Square, work as in the 
4th Problem laſt paſt. 


Problem VIIT, 


By one Latitude, Diſtance aud Rumb; 
to find the other Latitude, 


As ſine 90, to the Co-fine of the Rumb ; 
So is the diſtance, to the true difference of 
| Latitude, | 

As — Co-fine of the Courſe, to = fine go ; 
| So1s = diſtance, in degrees and parts, on 

the Lines, to the — true difference in La-. 
titudes, to be added or ſubſtratted from 

the Latitude you are in, according as you 
| | p have 
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have increaſed, or depreſſed the Latitude 
in the Voyage. 

By the Index and Square, work as inthe 
5th Problem laft paſt,or 2d of Plain Sayling, 


+ "I - 

' T's find the diſtance of places on the Globe of 
Earth and Sea; Or, Geography by the 
Triangultr- Quadrant. | 


Problem I. 

When two places are ſcituated under the 
ſame Meridian ( or Longitude) and on the 
ſame ſide of the EquinoRial z then ſubſtract 
the lefſer Latitude out of the greater, and 
the remainder ſhall be the diſtance in de- 
grees required, counting 20 (or 24) Leagues 
to a degree on every great Circle of the 


Sphear. 
| Problem II, 
When one place is on one fide of the E- 
quinoGCtial, and the other on the other fide z 


and yet both on one Meridian, as was the | 


former ; then the cwo Latitudes ( viz. the 
North-latitude, and the South-latitude ) 


added together, ſhall give the diſtance in 


degrees required, 


Problem IT. 
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Problem TIT. 

_ When the two places differ only in Lotiz 
gitude, and are both under the EquinoGiil, 
chen ſubſtract the lefler Longitude from the 
greater, and the reſidue is the diſtance in 
degrees. | 

Problem IV. 

When the two places have both one Lati< 
tude, or near it, North or South, and differ 
only in Longitude. To 

Then work thus, 
As fine 9o, to Co-fine of the (middle) Lati- 
tude ; | 
Fo is the fine of half the difference in Lon- 
girude, to the fine of half the diſtance, 


By the Trianguler- Quadrant, or Seftor.' 


| As — Co-ſine of the mean Latitude, to 


the = fine of go, laying the Thred to 
the neareſt diſtance 


 Sois =ſine of half the difference in Longi- 


rude, to — fine of half the diſtance, 


Problem V; 
When both places have different Longi-. 


tudes and Latitudes, as theſe Three Wayes 
| following, 


T 2 \f Way. 
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I Way. 

When one place hath no Latitude, and the 
other North or South, with difference in 
Longitade alſo; then, 

As fine 90, to Co-fine of difference in Lon« 
gitude 

So the Co-fine of the Latitude, to the Co. 
fine of the diſtance required, 


By the Trianguler- Quadrant, thu z 
As — Co-fſine of difference in Longitudes, 
to the = fine of 90; 
So the = Co-.fine of the Latitude, ro the 
= Co-line of the diſtance, 


II Way. 
then both the places have either North or 
South Latiutnde, that #5, both toward 
one Poles, then thus, 


As the ſine of 90, to the Co-ſine of the dit. 
ference in Longitude 

So the Co-tangent of the leſicr Laticude, 
to Tang, of agth Ark, 


Which 4th Ark, muſt be taken out of the 
complement of the greater Latitude, when 
the difterence of Longitudes is leſs than a 
Quadrant, or added tg it when more, _ 
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che ſum or diflerence ſhall be a 5th Ark: 
T hes, 
As the Co-fine of the 4th Ark, to Co.ſine 
of the 5th Ark ; 
So 15 the fine of the leſſer Latitude, tothe 


fine of the diſtance. 


By the Trianguler- Quadrant. 


AS — Co-ſine of difterence in Longitudes, - 
to = fineof go z t 

Sois the — Co-tangent of the lefler Lati- 
tude, taken from the Looſe-piece, and 
laid from the Center, and from thence 
taken parallelly ro the — Tangent of a 
4th Ark, which do with, as before is 
{hewed, to find a 5th Ark, | 

And then, 

As the — Co-fine of the 4th Ark, to the 
— Co-fine of the 5th Ark 

So is the — fine of the lefier Laticude, to 
— Co-ſine of the diſtance. 


IH Way. 
Bat when one Latitude is on one fide the 
Equinoltial, and the ather ox the other- 
fide, viz. one having North-latutade, 
«nd the other South. Then, 
As the fine of 90, to the Co-ſine of the dif- 
ference in Longitude 3 | 
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$0 is the Co-tangent of one Laricude, to the 
' Tangent of a 4th Ark. 


Which taken out of the other Laticude,and 
oo deg, added,when the difference of Lon. 
gitude is leſs than a Quadrant, but added 
to it if more thana Quadrant,zand that ſum 
or difference ſhall be che 5th Ark, 


Then, 
As the Co-ſine of the 4th Ark, to the Coe 
fine of the 5th Ark ; 
So is the fine of the Laticude, firſt taken, to 
the Co-fine of the diſtance in degrees, 


By the Trianguler- Quadrant, or Setter ; 
As the — Co-ſine of the diflerence of Lon- 
gitudes, to = fine of 90; 
So the = Co-tangent of one Latitude (be- 
ing firſt taken from the Looſe-piece, or 


Moveable-leg, and laid from the Center 


downwards, and from thence taken 
paralleIly ) to the — Tangent of a 4th 
Ark. | 

Which 4th Ark. you muſt do with, as be- 
fore, to obtain a 5th Ark. 
Then, 

As —— Co-fine of the 4th Ark, to = Cos 
fineof the 5th Ark; 

So — fine of the Latitude, fr taken, to 

== Co-{ine of the diſtance, That 


or, to the Co-{ine of che comp, diſtance 
when added, | 
Example. 

Suppoſe I would know how far it is from 
the Lizard, to the Cape of Good Hope ; the 
Lizard having 5o degrees of North-lati. 
tude, and the Cape of good Hope 3 5 degrees 
of South-latitude , and the diflerence in 
Longitude 30 degrees. 


As the fine of 90, to the Co-ſine of the 
difference in Longitude 30, being beſt 
counted from 90 backwards ; 


So 1s the Co-tangent of 5o, (viz. at 40). 


to 36 degrees ox minut, a 4th Ark, 


Then 90 degrees, and 35 degrees, the 0- 
ther Latitude added, makes x25; from 
which ſum, taking the 4th Ark, remains 
$8-59, fora 5th Ark. 

Then ſay, . 

As the Co-fine of the 4th Ark 36-1, to 
che Co-fine of the 5th Ark 88-59 5 
$9 isthe fineof 50, the Laritude firſt 

taken, to the Co-fine of the diſtance 
89 deg. 3 min, the neareſt diſtance 1n 
the Arch of a grear Circle, 


T 4 Nite, 
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That 1s, when the 4ch Ark is ſubſtraRed ; 
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Nite, That here you will have occaſion 
to make uſe of that help mentioned p.218, 
Sef.3. As thus for inſtance, 

The Proportion being as the Co-fine of 
36-1, tothe Co-fine of 88-59 3 which is 
all one, as the fine of 54 and 59, to the fine 
of 1 degree and x minur, which 1s too large 
for ordinary Compaſſes, on ordinary Guz- 
ters Rules 3 therefore firſt lay the diſtance 
from the fine of go, to the fine of 54 and 
59, the ſame way from the fine of 5 degrees 
and 45 minuts, and note the place, 

Alſo, Lay the diſtance trom the fine of 
go, to the ſfineof 50, the ſame way from 
che fine of 5 degrees and 45 minuts; aud 
' Note that place alſo. 

Then, 

As the Extent firſt noted for 54-59, is 
to I degree and x minut, the Co-line 
of 88-59 - 

So 1s the ſecond mark noted for 5o, to 
89-3, the diſtance in degrees required, 

Which multiplyed by 72, gives the di- 
ſtance in the Arch of a great Circle, viz. 
6412 miles Statute-mealurez; Or, 5340 
mules, whereof 60 make one degree, ona 
great Circle on the ſ{uperficies of the Sea. 


Liſe VIL, 


aſton 
218, 


ne of 
ch is 
c ſine 
large 
Gun- 
tance 
. and 


grecs 


ne of 
from 
aud 


Dy 1S 
line 


2, (0 
ixed, 
> d1i- 
UI 
340 
ON a 
A. 


/ II, 


[ 297 ] 


Uſe VII, 


To find the diſtance of places by the Na. 
tural Verſed Sines in the way of a Seftor 
ou the Triavgnler- Quadrant, being 
much more eaſie than the two former 
WAYES. | 


Furſt, by the Pen, find the ſum and dif. 
ference of the complements of the two La- 
titudes, and count thar ſum and difference 
on the verſed Sines latterally, and take the 
diſtance between your Compaſles, and make 
ic a parallel verſed Sine of 180 degrees, 


Or, by the Trianguler- Quadrant. 


If you have not the Line ſet on from the 
Leg-center, then the ſmall Line of Sines be- 
yond the Leg-center, being doubled, will 
do the work, by taking the diſtance between 
the ſum and difference, and ſetting one Point 
in the Center-prick at two times the Radius 
of the Sines from the Leg-center; and then 
laying the Thred to the neareſt diſtance, or 
the Line of Right Aſcenecions under the 


- Months, is a fit Line, 


| Then, 
Take out the = difterence of Longitude, 
; and 
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and that ſhall reach latterally from the dif. 
ference to the diſtance required, 
Example. 

Londoy and Feruſalem, two places in 
North Latitude z Loydos 51-32, Feruſalem 
32-0, whoſe two complements 38-28 and | 
58 added, make 96-28 foraſum, and one 
taken from the other, leave 19.32 for a dif- 
ference. | 

Now the =— diſtance between the verſed 
Sines of 96-28, and 19-32, make a == ver. 
| ſed Sine in x80, keeping the SeRor ſo, or 

laying the Thred to the neareſt diſtance, 
(and noting where it cuts in degrees). 
en, | 

The = diſtance between 47, the diffe- 
rence of Longitude between the-two places, 
ſhall reach on the verſed Sines from 19-32, 
the difference to 39-14, the diſtance re. 
quired ; which, at 72 miles to a degree, 
makes 2805 miles. 

Note, This one Rule comprehends all 
the Three laſt Wayes, and is not troubled 
with half ſo many Cautions as the former, 


Uſe VIIL 
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Uſe VILE. 
Having the Latutudes and Diſtance of two 


places, to find their Difference in Lon- 
gitude. 


Find the ſum and difference of the two 
Co-latitudes, as before, by Addition and 
SubſtraCtionz count them on the verſed 
Sines, and take the — diſtance between, 
and make jt a = verſed Sine of 180, 

T ben, 

The — diſtance, between the difference 
and diſtance on verſed Sines, ſhall ſtay ar 
the = difterence in Longitudes required, 

Example. 

Let one place be Burmndas Iſle, and the 
Latitude thereof 32-25 ; ler the other place 
be the Lizard-pornt, and the Latitude thereof 
50 degrees 3 the Co-latirudes are 57-35 and 
40-0; the ſum of them is 97-35 ; the dif 
ference berween them 1s 17-35. The di- 
ſtance 1n the great Circle, according to Mr, 
Norwood, 1s 44-30, or 886 Leagues, coun- 
ting 20 leagues to one degree. 

Then, 

The — diſtance between the verſed Sines 
of 17-35, and 97-35 made a = verſed 
Sine of x80, the Sector 1s let, 

Oo Theny 
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Then, 


The — diſtance taken between 44-30, 
and 17-37 on the yerſed Sines, and carricd 
parallelly, ſhall ſtay ar 5 5, the difference jn 
Longitude required between thoſe two 


places 


ONS SASAS COHHCESGS 


CHAP, V. 
Of Sayling by the Archof a 
great Circle. 


N che Book called, The Geometrical Sea- 
man, by Mr. Phillips, is a very ready 
Figure to ſhew in a Quadrant, or more, by 
what Longitudes and Latitudes a Ship is to 
pals in any long-run, which is contained 
under 90 degrees, or 120 difterence of Lon- 
gitude, and the two places having both 
North Latitude, 

Which Figure, or Quadrant,is neatly and 
readily performed by the Trianguler-Qua- 
drant, thi; 

Lipon 
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Upon the back-ſide of the Index, before 
ſpoken of, may be graduated from the Cen- 
ter, two Tangent-Lines, one equal to the 
Radius on the Looſe-piece, the other to the 
Radius on the Moving-leg ; then in the 
uſe, count the fiducial Line in which the 
Leg-Center-pin ſtands, alwayes for the Me- 
ridian of one place z and ſome where in 
that Line, according to the latitude thereof, 
counting the Leg-center the Pole of the 
World ; and the Index being hung thereon, 
by the Tangents prick down the Latitude 
there, I ſay, knock ina Pinto ſtay a Thred 
for one placez then, on the degrees, counc 
the difference of Longitude from the Head. 
leg, and lay the Index to it, and bring the 
Thred faſtened, as before, till on the Index 
it cuts the degree and part of the other Ta- 
titude, and there make the Thred faſt with 
another Pin in the Looſe-piece. 

T ben, 

If you move the Index to any degree of 
Longitude between thoſe places, the Thred 
ſhall cut on the Index the degree of Lati- 
tude that anſwers unto it 3 or if you make 
the Thred cut any degree of Latitude, the 
Index gives the Longitude required for that 


Latitude, 
Nite 7 
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Nite, It the Latitude be ſmall;as between 
xo and 3o, the ſmall Tangents are moſt 


convenient ; but if it be berween 40 and: 


80, the greater Tangent Line 1s beſt, 
> Nite, That two Threds and a pair of 
Compaſles may ſerve ; bur the Index 1s much 
bertcr and quicker in Operation, 
| Example. | 
Let the two places be the Summer-1ſlands 
and the Lizard-pornt ; the fame Example 
that you find in Mr. Norwood, pag. 126 ; 
and in Mr. Philly's Geometrical-Seaman, 
pag. 55. that you may the more readily 
compare the truth thereof by their Opera. 
tLONsS., 
The Latitude of the Lizard Point is 50 
degrees, the Longitude is 10, 

The Latitude of the Summer Iſlands is 
32-25, the Longitude js 300, 

The Difterence ot Longirtudes is 70, as is 
computed by their Obſervation. 

Then, 

Hanging or putting the Center-hole of 
the Index over the Leg-center-pin, and 
counting the fiducial-line on the Head-leg 
for the Meridian of ont place, count on the 
Tangent Line on the Index the Co-tangent 
of one Lacitude, as ſuppoſe the Latitude of 
the Lizard-poznt (che Center alwayes coun- 


ted 


and f 


| 303 | 

ted as 90) and there knock in a Pin in I 

{mall hole co hang a Thred on. | 
Then count 70 degrees, the difference 


Þ jo Longitude,on the degrees from the Head- 


leg, and there ſtay it; then draw the Thred 
pur over the firſt Pin, till it cut the com. 
plement of the other Latitude, and by help 
of another Pin ſtay it there, which you may 
conveniently do by one of the ſliding-fights; 
then the Thred being ſo laid, ſlide the In- 
dex to every fingle degree, or fifth degree of 
Longitude, and then the Thred ſhall ſhew 
on the Index, the Co-tangent of the Lati- 
tude anſwerable to that degree of Longi- 
tude, as in the Table annexed, 

Alſo, Tf you would have equal degrees 
of Latitude, and would find the Longitude 
according toits then ſlide the Index to 
and fro till the Thred cuts on the Index an 
even degree of Latitude; then on the de- 
grees you have the difterence of Longitude 
from either place. 

Alſo note, That the drawing of one Line 
only on the Trianguler Inſirument in the be= 
ginning, according to the direCtions of lay- 
ing of the Thred ; with the Thred and 
Compaſſes, will perform this work allo, 


The 


; Long| D.L. Caritude 7 
300| og | 32-25 
395 } of I 35-2 
'310| 10 | 38—51 
315 | 15 | 4124 
320 {20 | 43—34 
325 | 25 | 45-24 
330] 39 | 46-54 
335] 35 | 48-07 
6) Got 5 qaey- 
3451 45 | 49-47 
350 | 50 | 50-2 
355 | 55 | $937 
360 j 60 | O33 
[| Os} 6x. | $923 
Io ZO FO—O0O 


[3947 | 
The T able. 


If this work .fit not any caſe that may 
happen, there is another way mentioned in 
Page 75 of the Geometrical Seaman, by the 
Steriographick, Projettion ; and that Scheam 
15 drawn the {ame way, as the Horiz.ontal- 
Projeftion for Dyalling was, and ſomewhat 

cafier; and any two Points given, in a 


Circle, Y 


may 
ed 1 
y the 
beam 
ntal- 
what 
in 4 
ircle, 


| Ts difidition aud kind of Dials, «7 
-T.o draw Lines to repreſent the ſeveral ſorts of 


To try when a Plan dies:Equiuettial,: 


Z ,. 4 ah#Þ 

Circle, you may draw a great Circle to cut 
them, and the firſt Circle into two equal- 
parts, by che diretions in Page 55 And 
the Application thereof you' have very 
plainly in Mr, Philips his Book, to which 
I refer. you, havingfaid morethan ar firſt T 
intended, whuch was chiefly the uſe thereof 
in Obſervation only. THIS TRIES ST 

So for the preſent -I conclude this Dif- 
courſe, and ſhall endeavour a further Ad- 
vantage in the next Tmpreflion, iccording as 
Time and Opportunity ſhall offer. Farewel, 


The End of the Second Part... 


The Table of the. Things con- 
tained in this Second Part. 
Page, 


k Derelizons toidraw. the: Scheam, * 9 


. Plains in the Scheam, © 1 
| Todraw a Scbeam'pariicalariy: for one Dial, 
of : A "_— FE 
 Todraw the Equinotlial. Dial, * I9 
20 


4 


'Fhe TABLE. 


Page 
To draw a Polar-Dial, 2I 
To draw an Erett Eaſt or Weſft-Dial, 24. 
Todraw a Horizontal-Dial, 27 


T he demoyſtration of the Canon for Honts, ib, 
To draw a Dire Erefl South or Northe 


Dial, 30 
To draw @ Direft Reclina, 33 
The uſe of the Figure, | 35 


To draw a Dirett Eat or Weit Recliner, 37 
To make the Table of Arks at the Pole, 42 
To refer thoſe Dials 40a wew Lattude, and a 
»ew Declination, where they may become 
Erett Declintrs,, 46 
To find the Requiſites by the Schrew, ibid, 
To find the Declination of a Plain by the 
py or by the Sun, 49 
To take off an Angle; of ſet the Seflor to any 
Angle required, . ___ F3 
Precepts to find the Declination by the Sun, 


..;..and Examples alſo of the ſame, 58 

To draw an Eret. Dgclunng-Dial, © 62 

The Proportions apt the Requiſie of Eretl 
Decliners, - 


| YE... 
.. To find the Requiſites Three wWayesr, 66 
. To draw the Erett South Dicliner,, - 67 


To draw the Lines on a North Decliner, off 


-To draw the Hour-Lines on a Plain, that dre 
. cline} atiove 69 degree '73 
*. Of 


The TABLE. 


Page 

Of Declining Reclining Plains, 77 
T he firit ſort of Sonth Recliners, 79 
The ſecond fort ef South Recliners, being Po- 
lars, 90 

T he third ſort of South- Recliners, , 95 
The fir ſort of North Recliners, Ic6 
T he ſecond ſort of North Recliners, being E- 
guainoftial, 114 

T he third ſort of North Recliners, I19 
Of Inclimng Divls, 126 


To find the uſeful Hours in all Plains, 130 
To draw the Mathematical Ornaments 08 all 


ſorts of Daals, | 134 
To draw the Tropicks, ar length of the Day, © 
136 
To make the Trygon, 138 
To draw the Planetary or Fewiſh Hours, 142 
Todraw the Italian Hours, 144 
To draw the Babjloniſh Hogrs, 145 
To draw the Azimuth Lines, 146 
To draw the Almicanters, 154 
To draw the Circles of Poſition, or Houſes, 
160 
To draw the Hours, and all the reſt, on the 
Ceiling of a Room, - I65 


| The Figure of the Inſtrument, Explained, 


166 
V 2 A Table 


The TABLE: 
Page 
A Table of the Suns eAwmuth, at every 
 Hotr and —_— is the whole Sign, 
| 16 
A Table f the Sons Altitude the ſame time, 
169 
The Deſcription and. Uſe of the Armnulary- 
Sphear for Dyalling, ſeveral wayes, 172 
The Deſcription and Uſe of the Poor-man's 
- Dial- Sphear for Dyaling , and ſeveral 
Uſes thereof, 203 
How to remedy ſeveral Inconvemences in the 
uſe of the Gunter's Rule. 2/7 -228- 
The Uſe, and a further Deſcription of the 
Trianguler- Quadrant, for Navigation, or 
Obſervation at Sea, Ws 
For a fore- —_— with St obts, 233 
Far a fore-Obſervation with Thred and 
Plammet, | 235 
Far-a back; Obſervation, 4 @ Davis Qua- 
. drant, ' 227 
To find the Suns diſtance mow _ Zenith, or 
the Co-altitude, L 238 
To find the _— when wear the Zenith, 


2 


TY | 
Ti - fnd a Sabo by a forward Otſervartion, 


 & wmth'a Gumeer's Bow, *+: 2216 
vy find the Latutude by a back Obſervation, 
247 


Te 


The TABLE. 
Page. 
To find the Latitude by a Meridian Obſerva- 

tron, with Thred aud Plummet, 252 
To find the Suns Declination, 254 
A Table of the Suns Declination for the ſe- 

cond after -Leap-year, 256, 257 
A Table of the Suns Declination- for every 
 Fth Day the intermediate Years,. 258, 


-< 4.1; DFPp 
A Rethifying Table for the ihtermediate 

years, SY - 74 kv + 
A T able of the Magnitudes Detlinations and 
. Right Aſcentions of 33 fixed Stars; 1 

Degrees, aud Hours, aud Minats, 56: 
The uſe of the Trianguler- Ouadrant, in the © 
. Operative part of Navigation, 267 
Of Sayling by the Arch of a great Circle, 
300 


Errata for the Second Part, 


Pp Age 6. line 10. for roo read-to, P. 18,1.10, f. 
H, r. the ends of the Arch Q P. p.z2.1.14.f, 
begins, I. being. p.15.l.27.f. Latitude, r. Co-lati- 
tude p.34-1-8.t. Sun, r. ſum. p.39.1;:4.f. incliner, 
r. inclination of Meridians.-p. 61. 1.23.f. place, r. 
lain. p-62.1-20.f; © r. Q. p.56.1.2.f.1,r.T. p.69. 

7.f.12.1.7.P-92 1.22.1. gives a mark near E,wheiſe 
meaſure on the Limb from|B. p.39, 1.8.C. gibes. r, 
gives-l.11.add atR near C, p 93.1.25.f.FE.r.PE, 
p.1oo-1.21 add c d next gives, p, noel 6.f£8-5,r. 
8-3. p.195:).19.t. uſe, I. bave. p.1o08.1.6.f. Pole, r. 
Zenith. p.112.1.3.f. cuts x2, I. curs the ſubſtile, 
p-113.1.19.f, DF,r.DE. I-19.f, T.c.CT. alfo 
inl.18.r.CT, p.12z2J.6f.E,r.F. p.n2.).13,14, 
15,16, add Sine. p-128.1.26.f,I,r.L.. p.139. 1.21, 
afld, as in this Example. P-140.1.6.add ro. p.170. 
[.10.f. divides, r. divided. p.181.1.29.f. popſution, 
r. proportion. p-119.1-27.t. from, r. on. p.193.16, 
f. beings r- bring, p.197 1.4. f, elevation, r, incli- 
mation. P.200 1.24.f, C,r. G, p.og lg. f. Br EE. 
p 209. add in rhe [aft line, or þy the upper part of 
the Plain. p-124.1.18+ add, or remcve the Thred to 
turn it further when it reclines beyond the Pole. 
p-238.1.7. add of. 1. 20. add but. p.247. 1.15. r. 
and much better in ſmall Latituges. ' p. 248. 1.5, t. 
w3, T. two. P.251.1.14.t, 20,7. 33. Alfo, l 17, t. 
4Oz Te 27+ 


ro, f. 
14f, 
lati- 
liner, 
ace,T. 
P+69. 
wheſe 
es. Ts 
r.PE, 
3=5,f- 
ole,r. 
bſtile, 
| fe 
I 33145 
F 1,21. 
+170. 
beta, 
93ol+6, 
. incli- 
E,Ir.E. 
part of 
hred t0 
ze Pole. 
13. I 
1.5. t- 
L I7, f, 
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Advertiſements, 

The uſe of theſe, or any other Inſiruments . 
concerning the Mathemarical PraRice,or further 
InſiruRions in any part thereof, is taught by 
Fohn Colſon near the Hermitage-ſtairs. 

Alſo by Euclide Speidwel, dwelling near to 
Whire-Chappzl Church in Capt. Canes Rents, op 
at the Cuſtom-houſe. 

Alſo, by William Northhall Mariner, dwelling 
at the Crooked- Billet jm Meeting-houſe Alley 
on Green- Bank near Wapping. 

Alſo the Inſtruments may be had at the houſe 


of Fohn Brown, Fobn Seller, or John Wingfield 
Gig the Title-page 15 expreſſed, —”—_ 


There is now extant a Jarge Treatiſe of Na- 
vigation 1n Folio, deſcribing the Sea-Coaſts, 
Capes, Head-lands, the Bayes, Roads, Rivers 
Haibours and Sea-marks in the whole Northern- 
Navigation ; ſhewing the Courſes and Diſtances 
from one Place to another, the ebbing and 
towing of rhe Sea, with many other things be«» 
longing ro rhe pradtick part of Navigation. 

A Book ( not heretofore printed in England) 
Collefted from the praQtice and experience of 
divers able and experienced Navigators of our 
Engliſh Nation, Publifhed by Fobn Seller, 
Hydrographer to the Kinys moſt excellent Ma- 
zeſty, and ro be ſold by him at the ſign of the 


# Matirets Compaſs at the Hermitage-ftairs in 


# 
is 


# that whole Art, 
Wingfeld aforeſaid. 


L 


| Wapping » and by Fchn Wingfield right againſt 


vt. 0laves Church 1n Crouched: Fryers. 


Prattical Navigation; or, att Introdution to 
Sold by John Seller and Fohn 


